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PREFACE 


This  work  is  designed  for  the  practitioner  of  Surgery  who 
desires  to  keep  himself  abreast  of  the  most  modern  teach- 
ing, and  for  the  senior  student  who  aims  at  a  sound  and 
comprehensive  knowledge  of  present-day  Surgery.  It  has 
been  written  by  surgeons  and  pathologists  who  are  actively 
engaged  in  teaching  and  in  practice.  The  net  has  been 
widely  cast.  The  aim  was  to  produce  a  work  represen- 
tative of  the  Surgery,  theoretical  and  practical,  of  Clreat 
Britain,  and  it  is  hoped  that  the  List  of  Authors  which 
follows  the  title-page  shows  that  the  endeavour  has  not 
been  unsuccessful. 

Volume  I.  is  devoted  chiefly  to  the  consideration  of 
Surgical  Pathology  and  General  Surgery,  whilst  Volumes  II. 
and  III.  are  mainly  occupied  with  a  systematic  description 
of  the  surgical  diseases  of  the  various  organs  and  regions, 
by  authors  whose  special  knowledge  and  experience  entitle 
them  to  write  with  authority. 

The  limits  of  space  preclude  a  full  description  of  the 
operations  of  Surgery  ;  in  many  cases,  therefore,  the  lines 
of  operative  procedure  are  merely  indicated,  and  the 
reader  is  referred  for  further  details  to  works  on  Opera- 
tive Surgery,  such  as  that  of  Treves  and  Hutchinson.  For 
a  similar  reason,  diseases  of  the  eye  and  most  of  the 
cutaneous  affections  have  been  omitted. 

My  acknowledgments  are,  in  the  first  place,  due  to  my 
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co-editor,  Professor  Beattie,  who  is  editorially  responsible 
for  the  Pathology  in  the  work,  and  whose  name  appears 
in  the  list  of  contributors.  I  must  also  express  my  in- 
debtedness to  the  contributors  to  the  work  for  their 
invaluable  co-operation,  and  for  the  ready  consideration 
they  have  given  to  every  suggestion. 

The  great  majority  of  the  plates  and  figures  in  the  text 
are  reproductions  of  original  drawings  and  photographs. 
Authors  and  publishers  who  have  kindly  allowed  illus- 
trations to  be  copied  will,  I  hope,  find  the  source  of  such 
illustrations  duly  acknowledged  in  the  inscriptions. 

C.  C.  Choyce. 
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SURGICAL  BACTERIOLOGY 

By  GEORGES  DREYER,  M.A.Oxon.,  M.D. 

AND 

E.  W.  AINLEY  WALKER,  M.A.,  D.M.OxoN. 
L  INTRODUCTORY 

The  importance  of  applied  Ijacteriology  for  modern  surgery  cannot 
easily  be  overestimated.  For,  besides  its  obvious  and  now  well-recog- 
nized relation  to  surgical  cleanliness  in  the  management  of  woimds,  it 
often  proves  itself  of  the  utmost  value  in  prognosis,  it  not  infrequently 
affords  very  great  assistance  in  the  treatment  of  infective  processes, 
and  it  is  essential  in  establishing  a  certain  diagnosis  in  many  otherwise 
doubtful  cases. 

The  surgeon  cannot  be  too  careful  to  take  every  advantage  which 
bacteriology  affords  of  acquainting  himself  with  the  precise  character 
of  every  infection  lie  is  called  upon  to  treat  ;  nor  can  he  be  too  well 
informed  as  to  the  nature  and  tlie  mode  of  action  of  the  micro-organisms 
with  wliich  the  tissues  of  his  patient  have  to  deal. 

Tlie  methods  of  bacteriology  are  in  general  extremely  simple,  and 
all  the  information  required  can  in  very  many  cases  be  both  easily 
and  quickly  obtained.  A  microscope,  some  slides,  one  or  two  stains, 
and  a  few  culture-tubes  should  be  as  much  a  part  of  the  surgeon's 
arsenal  as  a  catheter  or  a  scalpel.  Even  where  the  opinion  of  an 
expert  bacteriologist  is  found  to  be  desirable,  a  microscope-preparation 
and  a  culture  made  at  once  on  opening  an  abscess,  for  example,  will 
enable  him  to  give  much  more  certain  and  reliable  information  to  the 
surgeon  than  is  likely  to  be  obtained  by  any  examination  of  the  same 
material  after  the  la.pse  of  perhaps  hours,  or,  it  may  be,  a  wliole  day. 
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Moreover,  at  a  time  when  treatment  founded  on  bacteriological  methods 
is  being  widely  extended,  and  the  use  of  vaccines  as  protective  and 
curative  agents  is  being  more  and  more  generally  attempted,  it 
is  of  the  utmost  importance  that  the  surgeon  should  make  himself 
familiar  with  the  principles  which  underlie  this  method  of  treatment, 
and  that  wide  clinical  knowledge  and  experience  should  invariably 
direct  and  control  its  application. 

Although  the  idea  that  unlmown  minute  forms  of  life  might  be  the 
causal  agents  of  disease  was  suggested  even  in  the  pre-Christian  era, 
and  again  brought  into  prominence  by  writers  of  the  seventeenth, 
eighteenth,  and  early  part  of  the  nineteenth  centuries,  the  history  of 
pathological  bacteriology  begins  for  all  practical  purposes  with  Pasteur. 
His  epoch-making  studies,  between  1850  and  1860,  of  the  phenomena  of 
putrefaction  and  fermentation,  which  gave  the  death-blow  to  the  theorj^ 
of  spontaneous  generation,  at  the  same  time  proved  beyond  question 
that  these  processes  were  due  to  the  intrusion  of  active  extraneous 
living  micro-organisms.  The  discoveries  of  Pasteur  at  once  attracted 
universal  attention,  and  his  results  were  soon  confirmed  by  numerous 
observers — in  this  comitry  more  especially  by  Tjmdall,  Burdon-Sander- 
son,  and  Lister.  The  practical  genius  of  Lister  speedily  realized  the  vast 
importance  which  these  discoveries  possessed  for  operative  surgery, 
and,  in  particular,  for  the  events  associated  with  the  healing  of  wounds, 
and  grasped  the  immense  advantages  which  would  result  from  the 
discovery  of  means  for  getting  rid  of  harmful  microbes  from  the  field 
of  surgical  operations.  Following  the  path  marked  out  by  the  investi- 
gations just  referred  to,  his  own  laborious  studies  (1867)  laid  a  sure 
foundation  on  which,  unaided,  he  was  able  to  raise  the  noble  edifice 
of  antiseptic  surgery,  and  thereby  confer  inestimable  benefits  upon 
mankind  at  large.  His  claim  to  gratitude  is  not  diminished  by  the 
fact  that  fuller  knowledge  has  developed  antiseptic  methods  into 
aseptic  ones,  for  antisepsis,  and  antisepsis  alone,  made  the  aseptic 
treatment  possible. 

While  Lister  was  engaged  in  proving  the  necessity  and  providing 
means  for  getting  rid  of  micro-organisms  in  general  in  operative 
surgery,  other  observers  were  engaged  in  following  out  the  illuminating 
work  of  Pasteur  along  other  lines,  and  presently  succeeded  in  estab- 
lishing bacterial  specificity  in  a  number  of  diseases.  Davaine,  who, 
in  1850,  had  already  observed  the  presence  of  rod-like  micro-organisms 
in  the  blood  of  animals  that  had  died  of  anthrax,  without  definitely 
associating  them  with  the  causation  of  the  disease,  now  returned  to 
the  subject  (1863),  and  showed  that  such  blood  was  only  capable  of 
transmitting  the  disease  to  healthy  animals  when  these  rods  were 
present  in  it.  He  was  confirmed,  in  1876,  by  Robert  Koch,  who 
succeeded  in  obtaining  pure  cultures  of  the  organism,  and  by  his  ex- 
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perimental  observations  clearly  proved  the  specificity  of  the  bacterium 
in  question. 

In  1881,  Koch  made  his  first  great  contribution  to  bacteriological 
technique  by  the  introduction  of  the  use  of  gelatin  as  a  culture  medium. 
This  discovery  inaugurated  a  new  era  in  the  investigation  of  bacterial 
infections,  by  enabling  pure  cultures  of  bacteria  to  be  prepared  witli 
ease  and  certainty.  In  the  same  year  Koch  was  led  in  the  course  of  his 
exact  investigations  to  advance  those  postulates  for  bacterial  specificity 
in  disease  which  are  still  accepted  as  fundamental  principles.  His 
observations  soon  attracted  universal  attention,  and  from  this  period 
dates  the  rapid  development  of  modern  bacteriological  research. 
The  simplification  of  the  culture  methods,  and  the  introduction  about 
the  same  time,  by  Ehrlich,  Weigert,  and  Koch,  of  aniline  dyes  as 
stains  for  micro-organisms,  smoothed  the  path  for  the  army  of  patient 
and  acute  investigators  who  now  began  to  worlc  upon  the  problems 
of  infection. 

The  extraordinary  activity  of  the  last  thirty  years  in  this  most 
fertile  field  of  scientific  study  has  resulted  in  an  advance  unequalled 
in  rapidity  and  in  importance  in  the  whole  history  of  pathological 
investigation,  and  has  led  to  those  discoveries  regarding  the  etiology, 
the  progress,  prophylaxis,  and  specific  treatment  of  a  large  number  of 
infections  which  have  entirely  revolutionized  the  aspect  of  modern 
medicine, 

U.  GENERAL  BACTERIOLOGY 
A.  GENERAL  MORPHOLOGY  AND  DEVELOPMENT 

1.  FORM  AND  SIZE 

Bacteria  are  minute  vegetable  organisms  which  possess  a  uniform 
and  usually  well-marked  outline,  and,  though  varying  considerably  in 
shape,  may  be  broadly  classed  under  the  headings  spherical  or  rounded 
(cocci),  rod-shaped  (bacilli),  curved  rods  (vibriones),  screw-shaped  oi 
wavy  elements  (spirilla),  and  filamentous  forms  (streptothrix,  etc.). 
On  the  average,  the  diameter  of  a  coccus  varies  between  0  5-1  fx 
(iu,  =  jo5(7  mm.),  while  the  rods,  whether  straight  or  curved,  may  possess 
a  length  of  from  1-6  jJ-,  or  even  8  ft  or  more,  with  a  diameter  of  from 
()"2-0  6  jjb  in  different  cases.  Thus,  Bacillus  anthracis  has  a  length  of 
3-10  /x,  with  a  breadth  of  1-15  ix,  while  B.  coli  only  measures  2-4  /x 
by  about  0'5  fx  wide,  and  B.  inflvenzce.  is  still  smaller,  being  less  in 
length  than  the  width  of  B.  anthracis  and  measuring  about  O'5-l  fx 
long,  by  0'2-0"3  wide. 

Between  the  groups  already  mentioned  occur  intermediate  forms, 
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which  it  may  be  difficult  to  assign  to  the  one  class  or  the  other,  and 
thus  has  arisen  the  use  of  such  terms  as  cocco-bacillus  (e.g.  B.  pro- 
digiosus)  and  the  like.  Moreover,  in  each  group  itself  considerable 
diversity  of  form  appears.  Thus,  among  the  cocci  we  may  note  well- 
rounded  forms  like  staphylococci,  bean-shaped  bodies  like  the  gono- 
coccus,  and  lanceolate  organisms  such  as  the  pneumococcus.  Among 
the  rods  still  greater  diversity  is  found.  They  may  be  quite  straight 
in  outline  as  is  the  B.  tetani,  or  be  slightly  bent  as  is  the  bacillus  of 
tuberculosis  ;  they  may  have  sharply  cut  ends  like  B.  anthracis,  or 
be  rounded  off  like  the  B.  suhtilis  ;  and  they  may  be  irregular,  swollen 
at  the  ends,  or  even  club-shaped,  as,  for  example,  is  frequently  the 
case  -^dth  the  B.  diphfherice. 

2.  AERANGEMENT  IN  SPACE 

The  arrangement  of  bacteria  in  space  depends  largely  on  their 
mode  of  growth  and  manner  of  multiplying  by  the  division  of  one 
organism  into  two  new  independent  individuals  (see  p.  7),  and  on  the 
degree  of  adhesion  which  remains  between  the  new  individuals  thus 
formed.  Among  the  cocci,  division  may  occur  in  one  direction  only,  in 
two  directions  mutually  at  right  angles,  in  three  directions  at  right 
angles  to  each  other,  or  in  an  indefinite  number  of  directions,  and  more 
or  less  adhesion  may  persist  between  the  new  elements,  thus  giving  rise 
to  single  elements,  diplococci,  streptococci,  sarcinfe,  staphylococci,  and 
the  like.  Similarly,  among  the  rods,  where  division  only  occurs  in  a 
direction  at  right  angles  to  the  long  axis,  varying  degrees  of  adhesion 
among  the  individual  bacteria  give  rise  to  an  arrangement  as  either 
separate  organisms,  paired  forms,  or  not  infrequently  chains.  Among 
the  curved  rods  very  similar  appearances  are  found.  The  filamentous 
forms  may  present,  in  addition  to  the  ordinary  method  of  division 
or  in  place  of  it,  the  phenomenon  of  "  branching  "  or  bifurcation, 
but  into  this  it  is  not  necessary  to  enter  here. 

3.  CLASSIFICATION 
An  adequate  classification  of  bacteria,  on  the  basis  of  morphology, 
physiology,  or  life  history,  is  at  present  impossible  ;  it  must  suffice 
therefore  to  group  them  under  headings  indicative  of  their  form  and 
arrangement,  which  shall  serve  for  their  convenient  identification. 
Such  a  provision  il  classification,  based  on  that  of  Cohn,  is  the  following^ 
in  which  it  must  be  clearly  understood  that  the  description  "  single 
organisms,"  "  pairs,"  "  chains,"  and  so  on,  cannot  be  strictly  applied, 
but  refers  only  to  the  general  appearance  presented  by  a  microscopic 
film.  Thus,  among  diplococci  many  single  organisms  will  be  found  ; 
among  the  staphylococci,  numerous  single  individuals  and  perhaps 
many  pairs,  and  similarly  in  other  instances. 


STRUCTURE  OF  BACTERIA 


3 


Rounded 
organisms 
(Cocci) 


Straight 

RODS 

(Bacilli) 

Curved 
rods 


PROVISIONAL  CLASSIFICATION  OF  BACTERIA 

(  Monococcus  :  Single  organisms  separating  after  division. 
Diplococcus  :  Remaining  in  pairs  after  division. 
Tetragenus  :  Dividing  in  two  directions  at  right  angles  to  each 

other,  tlius  giving  rise  to  an  arrangement  in  fours. 
Sarcina  :  Dividing  in  three  directions  mutually  at  right  angles, 

thus  giving  rise  to  packets  of  eight. 
Streptococcus  :  Dividing  in  one  direction  only,  the  new  organisms 

remaining  in  contact  to  form  "  chains." 
Staphylococcus  :   Dividing  in  all  directions,  the  organisms  are 

masssd  together  in  irregular  clusters. 
Ascococcus  :  Dividing  like  the  staphylococcus,  the  clusters  ]:irii- 
duced  are  enclosed  within  a  membrane    and  form  a 
nodulated  mass. 
( Monohacillus  :  Single  organisms,  separating  after  division. 
[  Diplobacilliis  :  Remaining  in  pairs  after  division. 
!  StreptohacUlus  :   Remaining  connected  and  fc)rming  chains  or 
I  threads. 

Vibrio  :   Curved  single  or  paired  organisms. 
{ Spirillum  :   Remaining  connected  after  division  and  forming 
!  wavy  threads. 

I  S piroch(vtc  :  Single  uniform  screw-like  threads,  more  sharply 
1^  bent  than  tlie  spmlla. 

Of  the  liiglier  bacteria,  or  filamentous  forms,  tlie  only  group  at 
present  of  surgical  interest  is  that  of  the  Streptothricia;,  in  which  the 
filaments  exhibit  branching.  To  this  group  belong  the  ray  fungus 
(the  actinomyces)  and  the  Streptothrix  nutdurce. 

4.  STRUCTURE  AND  CONSTITUTION 

The  bacteria  are  highly  refractile,  sharply-contoured,  colourless  or 
more  or  less  pigmented  masses  of  protoplasm,  which  may  be  regarded 
as  individual  cells,  but  which  exhibit  staining  properties  more  akin  to 
those  of  nuclei  than  of  cell  protoplasm  in  general. 

The  closer  study  of  their  intimate  structure  has  been  pursued  in 
the  main  by  three  chief  methods,  viz.  the  artificial  production  of  plas- 
molysis,  staining  with  aniline  dyes,  and  chemical  or  microchemical 
analysis. 

Plasmolysis  is  produced  by  placing  the  cells  in  question  in  salt 
solutions  of  higher  concentration  than  that  normal  to  the  cells  them- 
selves. This  causes  the  cell  protoplasm  to  become  shrunken  up  within 
the  envelope,  leaving  a  space  between,  since  the  protoplasm  is  of  a 
more  fluid  character  than  the  envelope,  and  therefore  is  more  markedly 
affected  by  the  loss  of  Avater. 

The  bacterial  cell  consists  of  (i)  an  envelope,  (ii)  a  cell  protoplasm 
containing  vacuoles  and  granules,  and  exhiljiting  in  certain  cases  what 


6 


SURGICAL  BACTERIOLOGY 


some  observers  have  regarded  as  a  nucleus  ;  and  in  many  cases  (iii)  ■ 
flagella  projecting  outwards  from  the  envelope.    The  cell  body  may 
also  contain  a  greater  or  less  amount  of  (iv)  pigment. 

i.  Envelope. — The  envelope  is  a  thin  membrane,  the  presence 
of  which  can  be  well  shown  by  the  method  of  plasmolysis.  Its  outer 
limits  are  usually  ill  defined,  probably  owing  to  a  tendency  to  take 
up  fluid  from  the  surrounding  medium  and  become  swollen  out,  thus 
producing  the  appearance  of  a  halo.  Such  a  halo  when  sufficiently 
well  marked  is  termed  a  capsule.  The  presence  or  absence  of  a  definite 
capsule  is  accordingly  found  in  many  cases  to  depend  to  a  great  extent 
upon  the  condition  under  which  the  particular  organism  has  grown. 

The  chemical  constitution  of  the  envelope  is  albuminous  in  character, 
but  in  some  cases  varying  amounts  of  carbohydrate  (e.g.  cellulose)  are 
said  to  be  present,  as  for  example  in  the  common  sarcina  of  the  stomach 
(Sarcina  ventricuU). 

ii.  Protoplasm. — The  protoplasm  is  a  semi-fluid  material 
yielding  on  examination  proteins,  salts,  and  wat?r  as  well  as  various 
metabolic  substances.  In  appearance  it  is  homogeneous  or  finely 
granular,  newly-formed  cells  being  usually  quite  homogeneous,  but  be- 
coming granular  and  often  vacuolated  as  they  develop.  In  old  cells 
almost  the  whole  of  the  interior  may  be  occupied  by  several  vacuoles, 
or  more  usually  by  a  single  large  one.  The  "  granules,"  which  may  vary 
in  number  from  only  one  or  two  to  half  a  dozen,  show  a  great  avidity 
for  certain  aniline  dyes,  and  have  in  consequence  been  spoken  of  as 
"  chromatin  "  granules.  One  or  more  of  them  has  sometimes  been 
supposed  to  represent  a  nucleus,  but  that  this  is  actually  the  case  is 
very  improbable,  since  they  have  never  been  observed  to  divide  during 
the  division  of  the  bacterial  cell.  Other  well-defined,  strongly  refractile 
granules  are  to  be  found  in  particular  groups  of  bacteria,  and  have  been 
shown  to  consist  of  sulphur  in  a  free  condition. 

The  bacterial  proteins  appear  to  contain  on  analysis  rather  less 
nitrogen  than  animal  proteins  (about  1  per  cent,  less),  and  have 
accordingly  been  grouped  together  under  a  special  heading  as  myco- 
proteins.  They  are  in  many  respects  akin  to  the  nucleins,  but  differ 
from  them  in  that  in  some  cases,  at  any  rate,  phosphorus  has  not 
been  shown  to  be  a  necessary  constituent. 

iii.  Flagella. — By  far  the  greater  number  of  motile  bacteria 
are  provided  with  flagella.  These  are  whip-like  processes  projecting 
from  the  bacterial  envelope,  but  almost  certainly  arising  fi'om  the  cell- 
protoplasm  within.  They  can  best  be  d:monstrated  by  special  staining 
methods,  though  they  can  also  be  seen  by  using  reflected  light  on  a 
dark  background.  They  may  be  terminal  (polar),  and  may  then  be 
single  as  in  the  comma  bacillus  {Vibrio  cholera?  asiaticce),  or  several 
in  number,  as  for  example  in  the  B.  cyanogenes  of  blue  milk  ;  or  they 
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may  be  distributed  all  round  the  organism  (peritrichate),  and  may 
be  numerous,  long  and  wavy  as  in  the  case  of  B.  ti/phosus,  or  com- 
paratively few  and  short  as  in  B.  coU. 

iv.  Pigment. — Many  bacterial  cultures  are  highly  pigmented, 
and  different  varieties  exhibit  red,  orange,  yellow,  green,  blue,  or  violet 
coloration.  The  pigment,  though  in  some  cases  it  is  fomid  within 
the  bodies  of  the  bacteria,  is  usually  present  as  an  excrete  product 
between  the  bacterial  cells,  or  diffused  out  into  the  surrounding  medium. 
The  subject  is  more  fully  dealt  with  under  the  heading  of  Bacterial 
Products  in  general. 

5.  REPRODUCTIOX 

The  bacterial  cell  propagates  itself  by  direct  division  into  two 
new  individuals,  and  in  some  cases  also  by  the  method  of  spore- 
formation. 

i.  Direct  division. — Among  the  rods  increase  in  length 
occurs  until  the  organism  has  grown  to  nearly  double  its  original 
size,  the  transverse  measurement  meanwhile  remaining  unchanged. 
Fission  then  takes  palace  by  the  ajjpearance  of  a  dividing  membrane 
which  arises  from  the  envelope  around  the  middle  of  the  rod,  and 
grows  inwards  to  com^^lete  a  transverse  septum,  thus  converting  the 
single  organism  into  two  new  ones.  After  the  division  is  complete 
the  young  organisms,  which  may  not  yet  have  reached  their  full  deve- 
lopment, continue  their  growth.  In  this  way  nudtiplication  proceeds 
rapidly,  and  the  new  organisms  may  separate  to  a  greater  or  less  extent 
in  accordance  with  the  particular  habit  of  the  type  concerned.  {See 
pp.  -1  and  5.) 

In  the  cocci  the  events  are  somewhat  different.  There  is  usually 
either  no  growth,  or  only  a  slight  increase  in  all  diameters,  before  the 
dividing  membrane  appears  which  separates  the  single  organism  into 
two.  The  division  is  followed  by  increase  in  size,  and  by  a  restoration 
of  the  typical  form  of  the  organism  concerned. 

The  rate  of  reproduction  of  the  bacteria  varies  within  wide  limits, 
and  is  dependent  both  on  the  particular  variety  concerned  and  on  the 
conditions  under  which  it  is  placed.  In  favourable  circumstances 
multiplication  is  extremely  rapid,  and  may  take  place  as  often  as  once 
in  every  twenty  or  thirty  minutes.  If  this  rate  were  kept  up  con- 
tinuously a  single  organism  would  give  rise  to  a  colony  of  about 
30.r)00,000,000,000  (thirty  billions)  in"  the  course  of  48  houi's.  But 
such  rapid  growth  only  occurs  when  all  the  conditions  are  peculiarly 
favourable,  and  in  cultures  grown  imder  ordinary  limitations  the  rate 
of  midtiplying  speedilv  decrease?  as  the  organisms  become  numerous 
and  crowded. 

ii.  Spore-formation. — When  the  conditions  are  unfavourable 
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to  vegetative  growth  a  number  of  bacteria  possess  the  faculty  of  pro- 
ducing "  spores."  These  are  specially  resistant  resting  forms  of  the 
organisms  concerned,  and  are  produced  within  the  vegetative  cell. 
A  tiny  bead-like  granule  is  produced  within  the  cell  which,  as  it  grows, 
takes  in  a  greater  or  less  amount  of  the  bacterial  protoplasm  and 
becomes  surrounded  by  an  extremely  dense  membrane.  It  thus  presents 
itself  as  a  thick-walled,  highly  refractile  body,  without  vacuoles,  and 
containing  very  little  water  in  its  protoplasm,  and  accordingly  exhibits 
a  remarkable  resistance  to  unfavourable  conditions. 

The  spores  thus  formed  may  be  spherical  or  egg-shaped,  and  may 
be  situated  either  centrally  or  towards  one  end  of  the  bacterial  cell, 
whose  outline  may  or  may  not  be  altered  by  their  presence.  In  the 
case  of  B.  anthracis,  for  example,  the  rod  is  unaltered  in  shape  ;  in 
other  cases  a  variety  of  different  forms  are  produced  to  which  such 
terms  as  spindle-shaped,  cuneate,  clavate,  and  capitate  have  been 
applied. 

In  the  case  of  most  bacteria  only  a  single  spore  is  formed  by  the 
vegetative  cell.  The  cell  usually  then  breaks  up,  and  the  spore  is  set 
free.  When  the  conditions  of  life  again  become  favourable,  germination 
of  the  spore  takes  place  either  by  polar  or  equatorial  dehiscence  of 
the  spore-membrane.  The  process  is  initiated  by  a  general  swelling 
of  the  spore,  which  takes  up  water,  and  becomes  less  markedly  refrac- 
tile, assuming  more  the  appearance  of  a  vegetative  cell,  and  a  new- 
bacillus  grows  out  from  its  protoplasm  at  the  point  of  rupture  of  the 
enveloping  membrane. 

Spores  are  not  to  be  regarded  as  a  normal  stage  in  the  multiplication 
of  the  bacteria  concerned,  but  only  as  a  special  method  of  defence 
against  injurious  influences.  Thus,  while  B.  ontJiracis  is  killed  by 
exposure  to  a  temperature  of  70°  C.  for  about  five  minutes,  its  spores 
require  boiling  for  about  an  equal  time  to  ensure  their  death.  Again,  the 
B.  suhtilis  is  killed  by  five  to  ten  minutes'  heating  at  70°  C,  while  at  least 
an  hour's  boiling  is  necessary  to  destroy  its  spores.  Bacterial  spores 
are  indeed  the  most  resistant  forms  of  life  with  which  w'C  are  acquainted, 
and  a  number  of  the  pathogenetic  micro-organisms  belong  to  the  group 
of  the  spore-forming  bacteria  (e.g.  B.  anthracis,  B.  tetani,  B.  oedematis 
maligni).  Spore-formation  is  only  known  with  certainty  among  the 
bacilli,  and  it  is  still  a  question  whether  it  is  ever  found  among  the 
vibriones  and  spirilla.  Cocci  do  not  form  spores,  though  formerly  it 
was  su2:)posed  that  certain  larger,  deeply  staining  individuals  sometimes 
seen  among  the  other  members  of  a  chain  of  streptococci,  for  example, 
possessed  resistant  properties  akin  to  those  of  spores.  Accordingly 
they  were  given  the  name  of  arthrospores.  It  is  now  clearly  proved, 
however,  that  these  so-called  arthrospores  possess  no  greater  resist- 
ance than  the  other  individuals  in  the  same  culture. 
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6.  MORPHOLOGICAL  VARIATIONS 

Morphological  variation  is  extremely  common  among  bacteria. 
So  much  is  this  the  case  that  certain  organisms  have  been  said  to  exhibit 
pleomorphism.  In  addition  to  this  a  very  large  number  show  so-called 
involution-forms  Avhenever  the  conditions  of  life  become  at  all  less 
favourable  than  the  optimum  as  regards  food,  temperature,  etc. 

Pleomorphism,  however,  cannot  properly  be  said  to  exist  unless 
it  is  shown  that  the  particular  organism  in  question  can  exhibit  more 
than  one  morphological  type  when  growing  under  the  most  favourable 
conditions.  This  has  not  been  demonstrated  in  a  single  instance. 
But  the  fact  appears  to  be  that  jDractically  any  important  change  in 
its  environment  may  lead  to  a  more  or  less  considerable  alteration  of 
form,  size,  arrangement,  and  the  like  in  the  particular  bacterium 
concerned. 

7.  NAKED-EYE  APPEARANCES  OF  C4R0WTH 

When  bacteria  have  been  isolated  in  pure  culture,  and  are  grown 
in  different  artificial  media,  they  frequently  present  more  or  less  char- 
acteristic and  distinctive  appearances.  These  are  often  of  the  greatest 
value  for  diagnostic  purposes,  since  naked-eye  inspection  alone  may 
afford  an  important  clue  to  the  identity  of  the  bacterium  concerned. 
Moreover,  the  general  features  of  a  bacterial  growth  are  largely  de- 
pendent on  the  nature  of  the  medium  employed,  and  particularly  on 
whether  it  is  fluid  or  solid  in  character.  It  is  therefore  desirable  here 
to  indicate  in  general  terms  the  points  of  special  importance  for  tlie 
differentiation  of  bacterial  cultures  by  the  naked  eye. 

In  a  fluid  culture  medium  a  bacterial  growth  may  dis- 
tinguish itself  by  the  presence  or  absence  of  a  pellicle  growing  on  the 
surface.  This,  if  present,  may  be  thick  and  copious,  or  scanty  ;  it 
may  be  smooth,  or  wrinkled,  in  appearance  ;  and  it  may  be  pigmented, 
iridescent,  or  colourless.  In  other  cases  there  may  be  a  froth  upon  the 
surface  of  the  fluid  as  the  result  of  gas  production  by  the  bacteria. 
The  fluid  itself  is  either  rendered  turbid  by  the  micro-organisms  dis- 
tributed throughout  it,  or  remains  clear,  the  growth  appearing  in  it 
in  the  form  of  larger  or  smaller  flocculi  or  granular  masses,  which  may 
remain  suspended  for  a  longer  or  shorter  period,  or  fall  as  a  deposit 
to  the  foot  of  the  tube.  Such  a  deposit  may  be  more  or  less  copious  ; 
it  may  be  cotton-wool-like  in  appearance,  flocculent,  stringy  when 
shaken  up,  or  dense  and  heavy ;  and  it  may  be  either  j^igmeuted  or 
colourless. 

When  the  bacteria  are  grown  on  solid  media  the  appearances 
depend  to  a  great  extent  on  where  the  development  takes  place,  whether 
upon  the  surface  of  the  medium  or  in  the  substance  of  it,  and  upon 
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whether  the  bacterial  growth  is  fused  together  and  presents  a  continuous 
mass,  or  appears  in  the  form  of  separate  colonies. 

A  fused  growth  upon  a  surface  may  be  thick  and  copious,  or  thin 
and  scanty  ;  it  may  be  smooth,  or  granular,  or  even  wrinkled  ;  of  a 
dry  or  moist  appearance,  and  colourless,  or  fluorescent,  or  pigmented. 
The  surface  of  the  medium  may  be  variously  excavated  by  liquefaction. 

In  the  depth  the  points  of  special  interest  are  the  occurrence  of 
gas-formation  and  of  pigmentation,  and  in  addition  to  these,  where 
a  stab  culture  is  concerned,  the  manner  of  the  growth  is  of  importance. 
Thus  it  may  result  in  liquefaction  (e.g.  in  gelatin  media),  it  may  exhibit 
lateral  offshoots  from  the  vertical  stem — the  so-called  "  spiking  — 
and  it  may  be  most  luxuriant  in  the  lower  part  of  the  stab,  or  near 
the  surface,  according  as  the  presence  of  oxygen  is  or  is  not  inimical 
to  the  organism  concerned. 

When  the  growth  is  represented  by  separate  colonies,  additional 
information  may  be  gained  from  an  observation  of  the  form  and  size, 
and  of  the  outline,  structure,  density,  and  colour  of  these.  In  many 
cases  the  appearance  of  the  surface  colonies  in  pure  cultures  differs 
considerably  from  that  presented  by  the  deep  colonies  in  shape, 
in  size,  and  in  outline. 

B.  GENERAL  BIOLOGY  OF  BACTERIA 

I.  CONDITIONS  OF  LIFE 

.  The  conditions  of  life  which  affect  bacteria  may  be  considered 
first  in  respect  of  their  absolute  requirements  or  essential  needs,  and 
secondly  in  relation  to  the  general  effects  produced  by  the  particular 
character  of  their  environment,  and  by  variations  in  that  environment. 

i.  Essential  needs. — For  all  bacteria  a  suitable  supply  of 
food,  moisture,  and  inorganic  salts  is  necessary  to  vegetative  growth. 
In  many  cases  also  either  the  presence  or  the  absence  of  oxygen  may  be 
absolutely  essential,  though  in  many  others  it  is  a  matter  of  greater 
or  less  indifference.  Temperature  is  of  great  importance  to  bacterial 
life,  each  variety  exhibiting  its  optimum  of  growth  between  com- 
paratively narrow  limits,  though  the  range  of  possible  growth  may 
extend  over  a  considerable  number  of  degrees. 

All  bacteria  require  carbon,  hydrogen,  nitrogen,  oxygen,  and 
water,  as  well  as  salts,  among  which  those  of  calcium  and  potassium 
are  specially  important.  Some  of  them  are  able  to  obtain  these  sub- 
stances from  quite  simple  sources,  while  others  can  only  take  them 
from  more  complex  compounds,  and  others  again  appear  to  find  a  suit- 
able environment  only  within  the  body  of  a  living  animal.  Accordingly 
they  have  been  divided  into  such  groups  as  "  obligatory  parasites," 
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living  only  in  the  body  of  a  living  animal ;  "  facultative  saprophytes," 
living  by  preference  in  the  living  body,  but  capable  of  an  external 
existence ;  "  facultative  parasites,"  which  normally  exist  as  sapro- 
phytes, but  can  continue  to  live  within  the  tissues  of  an  animal  ;  and 
"  obligatory  saprophytes,"  which  cannot  grow  at  all  within  the  living 
animal  body. 

A  classification  of  this  kind  is  useful  from  a  pathological  standpoint  ; 
but  the  separation  of  a  particular  class  as  necessarily  parasitic  in  the 
living  body  implies  only  that  suitable  conditions  do  not,  so  far  as  we 
know,  exist  elsewhere  in  nature,  though  it  may  be,  and  in  certain  cases 
is  already  possible  to  provide  them  in  the  laboratory. 

An  artificial  medium  for  bacterial  culture  must  contain  in  a  suitable 
form  the  essential  elements  already  mentioned,  and  must  preferably 
possess  a  slightly  alkaline  reaction.  In  this  respect  the  bacteria  differ 
from  the  fungi  and  higher  plants  which  require  for  their  growth  a 
slightly  acid  or  neutral  reaction  in  the  soil  in  which  they  grow.  Some 
bacteria,  however,  can  grow  in  acid  media,  and  may  even  themselves 
produce  a  variety  of  acids  in  considerable  quantities  ;  while  others 
again  refuse  to  grow  at  all  unless  an  acid  medium  is  supplied  to 
them. 

A  number  of  bacteria,  among  which  are  included  some  of  the  most 
important  pathogenetic  forms,  require  for  their  most  favourable 
cultivation,  in  addition  to  the  essential  materials  already  mentioned, 
special  substances  of  complex  constitution,  such  as  hfemoglobin.  But 
the  details  of  these  peculiarities  will  be  dealt  with  more  conveniently 
when  we  discuss  the  particular  micro-organisms  in  question. 

ii.  Effect  of  environment — While  bacteria  in  general  pos- 
ses? a  remarkable  power  of  adapting  themselves  to  their  surround- 
ings, yet  on  the  other  hand  they  exhibit  in  some  cases  an  almost 
equally  remarkable  susceptibility  to  quite  small  changes  in  particular 
features  of  their  environment.  A  number  of  these  are  of  sufficient 
importance  to  require  individual  discussion. 

(a)  Relation  to  free  oxygen.— Until  the  discovery  by  Pasteur, 
in  1861.  of  "  anaerobic  "  micro-organisms,  the  presence  of  free  oxygen 
had  been  regarded  as  essential  to  the  continued  maintenance  of  every 
form  of  life.  The  investigation  of  bacterial  forms  to  which  free  oxygen 
is  actually  harmful  threw  a  new  light  on  the  physiology  of  these 
organisms,  and  led  indirectly  to  a  fresh  advance  in  the  study  of  bacterial 
disease.  It  is  now  known  that  while  to  some  bacteria  a  supply  of 
free  oxygen  is  absolutely  essential  (obligatory  aerobes,  cf.  B.  subtilis 
and  B.  aceti),  to  otliers  its  entire  absence  is  equally  necessary  (obligatory 
anaerobes,  cf.  B.  tetani  and  B.  cedematis  maligni),  while  to  the  lar.u<' 
majority  the  oxygen  supply  is  to  greater  or  less  extent  a  matter  of 
indifference,  since  in  the  absence  of  jrce  oxygen  they  obtain  what  they 
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require  from  the  decomposition  products  of  their  food  materials. 
These  latter  are  spoken  of  either  as  "  facultative  anaerobes "  or 
"  facultative  aerobes,"  and  among  them  are  found  the  greater  number 
of  pathogenetic  forms. 

(b)  Relation  to  temperature. — Bacterial  growth  extends  over 
a  wide  range  of  temperature,  but  in  the  case  of  each  variety  there  are 
definite  limits  between  which  alone  multiplication  can  take  place, 
and  for  each  there  is  an  optimum  temperature  most  favourable  to  its 
growth.  In  general  the  upper  limit  of  bacterial  growth  is  about 
40°  to  45°  C,  though  there  are  bacteria,  the  so-called  "  thermophilic  " 
forms,  which  only  begin  to  grow  above  this  temperature  and  find 
their  optimum  between  60°  and  70°  C. 

At  the  other  end  of  the  scale  the  lower  limit  is  found  at  about  12°^ 
to  14°  C,  but  forms  exist  which  will  develop  even  at  9°  C,  and  find 
their  optimum  about  12°  C.  (psycrophilic  forms).  In  almost  all  bacteria 
the  effect  of  cold  is  merely  to  arrest  development  without  producing 
permanent  injury.  Even  a  delicate  organism  Hke  the  cholera  vibrio 
recovers  perfectly  after  being  cooled  to  —32°  C,  and  a  number  of 
bacteria  have  been  subjected  to  a  temperature  below  -  200°  C.  without 
suffering  any  apparent  injury. 

The  optimum  temperature  may  be  found  about  20°-28°  C,  as 
in  the  case  of  putrefactive  bacteria,  and  very  many  other  saprophytic 
forms;  or  about  37°-39°  C.  as  in  the  case  more  particularly  of  the 
pathogenetic  forms  which  attack  warm-blooded  animals  and  man. 

The  efltect  of  high  temperatures  upon  bacterial  life  is  rapidly  destruc- 
tive, but  its  rate  of  action  is  to  a  great  extent  dependent  on  the  accom- 
panying conditions.  It  varies  with  the  presence  or  absence  of  moisture 
in  the  bacterial  surroundings,  as  well  as  with  the  manner  in  which 
heat  is  apjilied — whether  in  the  form  of  hot  air,  boiling,  or  steam. 
Moreover,  the  degree  of  heat  required  to  destroy  bacterial  life  varies 
very  greatly  not  only  in  the  case  of  different  micro-organisms,  but, 
especially  among  spore-forming  varieties,  with  the  presence  or  absence 
of  spores.  Short  of  actual  destruction  of  the  bacteria,  a  raised  tem- 
perature inhibits  growth,  and  frequently  modifies  the  character  and 
the  activity  of  the  organisms  concerned  ;  as,  for  example,  by  causing- 
loss  of  virulence  in  pathogenetic  forms,  loss  of  the  pigment-forming 
power  in  pigmented  organisms,  and  similar  changes. 

The  action  of  hot  air  is  considerably  less  rapid  and  less  penetrating 
than  that  of  moist  heat,  bacteria  when  dry  withstanding  a  higher 
degree  of  heat,  and  a  longer  application  of  it,  than  when  in  a  moist 
condition.  Thus,  while  the  sjjores  of  B.  anthracis  are  destroyed  in 
a  few  minutes  by  boiling,  they  will  resist  the  action  of  hot  air  at  a  tem- 
perature of  140°  C.  for  several  hours.  Experience  shows  that  where 
hot  air  is  employed  it  must  have  a  temperature  of  150°-160°  C.,'  and 
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be  applied  for  about  three-quarters  of  an  liour,  to  ensure  tlie  destruc- 
tion of  resistant  spores. 

Boiling,  tlien,  is  more  effective  than  hot  air  at  the  same  temjaerature, 
and  an  exposure  to  boiling  water  for  half  an  hour  is  sufficient  to  kill 
off  not  only  all  vegetative  forms  of  bacterial  life,  but  also  the  majority 
of  spores.  Some  spores,  however — for  example,  many  which  are 
commonly  present  in  the  soil — can  withstand  several  hours  of  boiling. 
The  addition  of  various  salts,  which  raise  the  boiling  point,  naturally 
renders  the  action'of  boiling  water  more  effective.  This  is  important  in 
the  case  of  instruments  and  metal  apparatus,  where  the  addition  of 
sodium  biborate  (or  sodium  bicarbonate),  for  example,  not  only  ensures 
more  certain  sterilization,  but  at  the  same  time  possesses  the  advantage 
of  jareserving  the  metal  from  rust.  Where  water  cannot  be  employed, 
heating  in  oil  or  glycerine  is  often  used.  But  here  it  must  be  remembered 
that  in  the  absence  of  water  the  effect  obtained  will  be  no  more  than 
if  the  organisms  had  been  heated  in  dry  air  for  the  same  length  of 
time. 

Steam,  owing  to  its  greater  penetrating  power  and  more  rapid 
conveyance  of  heat,  is  a  more  efficient  agent  than  boiling  water  for 
bacterial  destruction,  and  when  pure  steam  is  apj^lied  under  in- 
creased pressure  (as  in  an  autoclave)  very  rapid  effects  are  obtained. 
Thus,  while  certain  spores  can  withstand  the  action  of  steam  at 
ordinary  pressure  for  some  hours,  they  are  killed  in  a  few  minutes 
by  steam  at  120"  G.  (2  atmospheres  pressure). 

(c)  Other  physical  conditions. — Under  this  heading  are  included 
the  effects  of  radiant  energy,  electricity,  and  atmospheric  pressure. 

(1)  Radiant  energy — ligld. — To  bacteria  in  general,  light  is  not  only 
not  essential,  but  in  most  cases  is  extremely  harmful.  Whether  its 
presence  is  necessary  to  any  bacterial  forms  is  still  in  doubt.  The 
destructive  action  of  light  upon  bacterial  life  varies  with  its  intensity 
and  quality.  Thus,  while  ordinary  dift'used  daylight  acts  comparatively 
slowly,  direct  sunlight  and  strong  artificial  light  (tlie  electric  arc)  are 
rapidly  destructive  even  when  they  have  been  entirely  freed  from  heat 
rays.  It  is  especially  the  rays  of  shorter  wave-length  at  the  blue- 
violet  end  of  the  spectrum  which  exhibit  great  bactericidal  action,  while 
the  longer  rays  (yellow,  orange,  and  red)  have  very  little,  if  any,  action. 
As  in  the  case  of  heat,  the  rate  of  action  of  light  is  dependent  also  on 
the  presence  or  absence  of  moisture,  and  on  the  general  composition 
of  the  medium.  In  illustration  of  the  enormous  power  of  intense  light 
it  may  be  mentioned  that  the  B.  prodigiosus  exposed  in  a  drop  of 
fluid  to  a  cooled  arc  light  concentrated  by  quartz  lenses  is  killed 
within  about  one  second. 

Rontgen  rays  and  radium  emanations  both  exhibit  destructive 
action  on  bacteria  under  experimental  conditions.    It  must,  however, 
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be  clearly  understood  that  neither  in  these  cases  nor  in  the  case  of 
light  are  the  beneficial  therapeutic  eiiects  of  these  agencies  in  any  way 
dependent  on  their  bactericidal  power.  They  are  entirely  attribut- 
able to  the  tissue  reaction  which  their  application  induces,  and  not 
to  a  direct  destruction  of  the  bacteria  lying  within  the  tissues. 

(2)  Electricity. — Electric  currents  (both  continuous  and  alternating) 
have  been  supposed  to  exert  an  injurious  influence  on  bacterial  life. 
It  is,  however,  certain  that  the  effects  described  were  entirely  indirect, 
and  resulted  fi-oni  electrolytic  liberation  of  strong  chemical  disinfectants 
(e.g.  hydrogen  peroxide).  If  non-polarizable  electrodes  are  employed, 
these  effects  are  not  seen. 

(3)  Atmospheric  pressure. — This  is  a  matter  of  relative  indifference 
to  bacteria.  They  may  be  exposed  in  culture  to  a  pressure  of  several 
hundred  atmospheres  without  apparent  injury. 

(d)  Lack  of  food  and  moisture. — Different  micro-organisms 
vary  greatly  in  their  resistance  to  the  unfavourable  influences  of  lack  of 
food  and  moisture.  Thus,  the  cholera  vibrio,  for  example,  dies  in  two 
or  three  hours  when  subjected  to  drying,  while  other  organisms  such  as 
the  Staphylococcus  pyogenes  and  the  B.  tuberculosis  can  survive  the 
process  for  many  months  at  the  least.  Even  such  bacilli  as  the  diph- 
theria and  typhoid  organisms,  which  are  in  general  somewhat  delicate 
forms,  easily  destroyed  by  other  influences,  survive  drying  for  con- 
siderable periods  (from  several  weeks  upwards).  The  spore-forming 
organisms  are  naturally  the  most  resistant  to  starvation  and  drying, 
and  may  preserve  their  vitality  and  their  virulence  for  years  under 
these  conditions. 

(e)  Action  of  chennical  agents. — In  the  case  of  food  materials 
it  is  frequently  foimd  that  substances  which  are  even  essential,  or  at 
any  rate  useful,  and  it  may  be  actually  stimulating  to  the  growth  of 
bacteria  when  present  in  certain  proportions,  will,  when  excessive 
in  amount,  inhibit  growth  or  even  destroy  life.  Thus,  common  salt, 
which  is  of  extreme  importance  in  the  composition  of  culture  media, 
will,  if  its  percentage  be  unduly  increased,  give  rise  to  the  production 
of  involution-forms,  inhibit  growth,  and  finally  cause  the  death  of 
the  organisms  concerned.  Sugar,  again,  a  natural  food-stuff  for  many 
bacteria,  will,  as  its  concentration  is  increased,  produce  similar  results. 
This  kind  of  action  may  probably  be  attributed,  in  great  part  at  any 
rate,  to  plasniolysis  of  the  bacteria  from  alterations  in  osmotic  pressure, 
for,  in  the  case  of  other  food  materials  whose  concentration  does  not 
markedly  affect  osmotic  pressure  (e.g.  ordinary  proteins),  no  such  results 
accompany  the  presence  of  increased  percentages. 

Among  substances  other  than  food  materials  which  require  to  be 
considered  are  not  only  those  which  are  so  directly  inimical  to  bacterial 
life  that  they  are  classed  as  antiseptics,  but  also  the  various  products 
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of  the  metabolic  activity  of  the  bacteria  themselves.  These  latter  are- 
often  definitely  unfavourable  to  the  continued  life  not  only  of  the 
particular  micro-organisms  which  produced  them,  but  also  to  that  of 
other  varieties.  On  the  other  hand,  it  is  to  be  remembered  that  some 
of  the  metabolic  substances  in  question  may,  under  certain  condi- 
tions, act  favourably  on  the  growth  of  other  micro-organisms,  and 
may  even  be  essential  to  their  nutrition. 

Antiseptics  are  those  substances  which,  even  in  relatively  small 
amounts,  are  definitely  injurious  to  bacterial  life.  Their  effect  may 
be  due  to  their  special  action  as  protoplasmic  poisons,  as  oxidizing 
agents,  or  as  coagulants,  and  the  like  ;  or,  more  commonly,  it  is  due- 
to  a  combination  of  these  properties.  Their  action  naturally  depends 
in  a  marked  degree  not  only  on  the  concentration  in  which  they 
are  present,  but  also  on  the  manner  and  the  medium  in  which  they  are 
applied.  Factors  of  particular  importance  in  this  relation  are  the 
temperature,  the  reaction  of  the  medium,  the  presence  of  greater  or 
less  amounts  of  colloid  matter  (e.g.  proteins),  the  character  and  con- 
centration of  any  inorganic  salts  which  may  be  present,  and  so  on. 
The  effect  of  any  given  antiseptic  also  varies  greatly  with  the  micro- 
organism employed  for  testing  it,  with  the  presence  or  absence  of  spores, 
with  the  age  of  the  culture,  and  with  the  physical  condition  (e.g.  dry- 
ness) of  the  bacteria  exposed  to  its  action.  The  foi'm  of  the  antiseptic 
itself,  too,  whether  liquid  or  gaseous,  has  a  considerable  influence  on 
its  rate  and  mode  of  ?ction.  In  the  case  of  antiseptics  in  solution, 
the  nature  of  the  solvent  has  a  marked  effect  on  the  results  obtained, 
the  most  powerful  action  being  usually  exhibited  by  aqueous  solu- 
tions, while  solutions  in  oil  or  in  glycerine  have  a  much  smaller  effect. 

The  substances  commonly  employed  as  antiseptics  belong  to  many 
different  classes  of  chemical  agents  including  heavy  metals,  halogens, 
organic  and  inorganic  salts  and  acids,  and  bodies  of  the  aromatic 
series.  Accordingly,  it  is  impossible  to  enter  here  into  jorecise  details 
as  to  their  probable  mode  of  action  on  bacteria,  beyond  stating  that 
their  molecular  weight  and  the  degree  of  chemical  dissociation  which 
occurs  in  their  solutions  appear  to  bear  an  important  relation  to  their 
antiseptic  action.  Beyond  this,  very  little  is  actually  known  with 
certainty  as  to  the  influence  of  chemical  constitution  on  antiseptic 
action.  The  action  is  undoubtedly  a  very  complex  one,  and  conclusions 
as  to  the  value  of  particular  antisejDtics  for  jsarticular  purposes  camiot 
be  drawn  with  certainty  from  mere  test-tube  experiments.  Thus,  cor- 
rosive sublimate  is  a  most  powerful  bacterial  poison  when  dissolved 
in  water,  but  in  the  presence  of  albuminous  fluids,  such  as  blood- 
serum,  its  effect  may  be  reduced  to  as  little  as  a  hundredth  part 
or  less  of  its  action  in  water.  This  particular  result  is  no  doubt 
owing  to  the  formation  of  mercury  albuminates  in  the  fluid  and  the 
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consequent  removal  of  a  large  proportion  of  the  free  antiseptic  fi'om 
the  solution. 

Again,  many  antiseptic  substances  which  prevent  bacterial  growth, 
even  when  present  only  in  minute  amounts,  exhibit  very  little  bacteri- 
cidal power  unless  they  act  in  relatively  very  strong  solutions  ;  while 
others,  which  cause  much  less  inhibition  of  growth  in  weak  solutions, 
•are  powerfully  destructive  of  the  bacteria  when  their  strength  is  only 
very  moderately  increased. 

Where  animal  tissues  are  concerned  it  will  frequently  be  found 
that  the  milder  antiseptics  give  the  best  practical  results,  since  they 
inhibit  multiplication  of  bacteria  without  causing  injury  to  the  tissues  ; 
whereas  strong  antiseptics  may  cause  tissue  injury  and  cell  necrosis,  and 
produce  coagulation  of  albumin  in  the  tissue  fluids,  thus  shutting  in  the 
micro-organisms  and  protecting  them  from  further  antiseptic  action. 

(/)  Symbiosis  and  antibiosis.— It  has  already  been  stated  that 
the  products  of  bacterial  metabolism  may  be  unfavourable  or  favourable 
to  bacterial  life.  On  the  whole,  such  products  act  unfavourably  on 
the  growth  both  of  the  micro-organism  which  forms  them  and  of  other 
varieties  ;  but  in  some  cases  the  presence  and  activity  of  particular 
bacteria  improves  the  conditions  for  others,  or  actually  makes  existence 
possible  for  them  where  it  would  otherwise  be  diificult  or  impossible. 
Such  relations  between  different  bacterial  forms  are  commonly  spoken 
of  as  examples  of  symbiosis,  while  the  cases  of  antagonism  or  harmful 
influence  are  referred  to  under  the  term  antibiosis. 

The  modern  use  of  the  Yogurth  bacillus  (lactic-acid  fermentation) 
to  check  the  growth  of  intestinal  micro-organisms  which  produce 
injurious  substances,  affords  an  excellent  example  of  antibiosis.  Other 
examples  in  laboratory  experience  are  found  in  the  overgrowth  and 
destruction  of  pathogenetic  bacteria  by  putrefactive  organisms  or 
other  saprophytic  forms.  On  the  other  hand,  instances  of  favourable 
action  may  be  found  where  one  series  of  micro-organisms  produces 
substances  which  prepare  or  actually  constitute  the  food  material 
for  other  forms  ;  or  where  aerobic  micro-organisms,  by  removing  oxy- 
gen, render  it  possible  for  anaerobic  forms  to  grow.  Thus,  B.  tetcmi 
appears  to  flourish  best  in  a  wound  which  has  an  additional  infection 
with  aerobic  organisms. 

2.  VITAL  PROCESSES 
i.  Assimilation  and  dissimilation. — The  bacteria,  though 
belonging  to  the  lowliest  and  most  primitive  forms  of  life, 
exhibit  highly  developed  metabolic  functions.  The  single  tiny  cells 
possess  almost  all  the  potentialities  distributed  in  different  organs 
in  the  more  highly  developed  forms  of  life.  The  investigation  of 
their  vital  processes  is  consequently  all  the  more  difficult  and  un- 
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certain.  Some  of  tlieni  find  their  food  material  in  the  simplest  sub- 
stances, and  can  build  up  highly  complex  protein  compounds  by  a 
series  of  unknown  syntheses  from  these  elementary  sources.  Thus, 
certain  forms  can  live  and  multijjly  when  supplied  with  inorganic 
substances  alone  (carbon  dioxide,  ammonia  nitrates,)  ;  others  re- 
quire organic  nourishment  of  a  simple  kind  (e.g.  tartrates)  ;  while 
the  majority  only  carry  on  their  metabolism  when  supplied  with 
highly  complex  food  materials  (such  as  proteins  or  carbohydrates). 
They  exhibit  a  remarkable  activity  in  the  processes  of  assimi- 
lation and  dissimilation,  and  obtain  the  energy  required  for  their 
elaborate  syntheses  from  the  decompositions  and  oxidations  which 
they  carry  on  within  their  protoplasm,  or  which  they  bring  about  in 
the  surrounding  medium  by  means  of  ferments. 

ii.  Respiration. — Aerobic  bacteria,  which  require  free  oxygen 
in  order  to  carry  on  their  normal  oxidations,  may  be  regarded  as 
exhibiting  the  phenomenon  of  respiration.  They  take  up  oxygen 
from  solution  in  direct  proportion  to  the  activity  of  their  growth  and 
development,  and  give  oft'  carbon  dioxide  in  corresponding  (though 
not  equal)  amounts.  The  excess  of  oxygen  intake  over  the  discharge 
of  carbon  dioxide  is  to  be  attributed  to  other  oxidative  processes  which 
occur  in  the  course  of  their  metabolism,  as,  for  example,  the  formation 
of  water.  The  anaerobic  forms  which  cannot  use  free  oxygen,  and 
are  indeed  inhibited  by  its  jiresence,  obtain  the  oxygen  which  they 
require  for  their  life  jjrocesses  from  the  decomposition  ^^roducts  of 
their  food  supply,  and  do  not,  therefore,  exhibit  respiration  in  the 
ordinary  sense. 

iii.  Heat  production. — The  oxidations  and  decompositions 
carried  on  by  the  liacterial  jn-otoplasm  result  in  the  liberation  of  chemical 
energy,  a  great  part  of  which  is  doubtless  used  in  building  up  fresh 
protoplasm  from  the  food  materials,  but  part  of  it  may  appear  in 
the  form  of  heat.  This  is  well  seen  in  the  case  of  ordinary  putrefaction, 
in  the  smoking  of  dung-heaps  and  garden  hotbeds,  and  in  the  heating 
of  haystacks,  which  at  times  results  in  actual  ignition. 

iv.  Light  production  and  phosphorescence. — Some 
bacteria  ("  photobacteria "),  of  which  the  majority  belong  to  the 
marine  flora,  exhibit  the  phenomenon  of  light  production,  and  are 
often  the  cause  of  the  phosphorescence  of  the  sea  and  of  that  of 
decaying  animal  and  vegetable  matter.  They  are  only  phosphorescent 
when  alive  and  active,  in  the  presence  of  oxygen,  and  under  suitable 
temperature  conditions. 

V.  Metabolic  products — The  products  of  bacterial  activity 
are  very  numerous  and  varied.  Some  are  more  or  less  simjile  bodies 
of  known  chemical  composition,  and  include  gases,  such  as  livdiogen, 
sulphuretted   hydrogen,   carbon    dioxide,   ammonia,   and   methane  : 
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inorganic  substances,  such  as  water,  nitrates,  chlorides,  and  so  on  ; 
alcohols,  acids,  of  the  fatty  acid  and  oxy-acid  series  ;  aromatic  bodies, 
such  as  phenol,  indol,  etc.  ;  and  carbohydrates  (e.g.  sugar).  Others  are 
complex  organic  bodies  of  unknown  constitution,  such  as  the  various 
pigments,  enzymes,  toxins,  and  so  forth.  These  latter  are  the  more 
important  from  a  pathological  aspect  in  that  they  include  those 
bodies  to  which  the  special  action  of  bacteria  in  the  animal  organism 
is  attributable.  We  do  not  know  with  certainty  whether  many 
of  these  substances  are  to  be  regarded  as  secretions  or  as  excretions 
of  the  bacterial  protoplasm,  whether  they  are  formed  within  or 
without  the  bacterial  cell,  nor  whether  they  are  liberated  by  the 
living  organism  or  are  only  set  free  when  the  cell  itself  undergoes 
disintegration. 

(a)  The  pigments  usually  consist  of  more  or  less  indifferent  sub- 
stances, and  therefore  are  in  general  of  comparatively  slight  import- 
ance among  the  metabolic  products  of  bacteria,  except  in  so  far  as  they 
assist  in  the  differentiation  of  bacterial  forms  which  may  otherwise 
present  closely  similar  appearances.  But  in  the  case  of  certain  of 
the  bacteria  in  which  the  pigment  is  intracellular  (sulphur-bacteria) 
this  substance  is  essential  to  the  life  of  the  organism,  enabling  it  to 
assimilate  carbon  dioxide  in  the  presence  of  light  in  the  same  way 
that  chlorophyll  assists  the  metabolism  of  higher  plants.  Where 
the  pigment  is  extracellular  it  may  probably  be  regarded  as  an  excrete 
product  of  no  particular  importance  to  the  bacterium.  But  even  in 
these  cases  it  is  conceivable  that,  by  absorbing  light,  pigment  may 
either  act  protectively  by  taking  up  the  more  actinic  rays,  which 
are  particularly  injurious  to  bacterial  life,  or  on  the  other  hand  it 
may  assist  bacterial  growth  by  rendering  the  energy  of  light  available 
in  the  assimilative  processes.  However  this  may  be,  it  is  a  striking 
fact  that  the  production  of  extracellular  pigment  is  not  invariahhj 
associated  with  the  growth  of  the  organism  concerned,  but  frequently 
depends  on  the  accompanying  conditions  of  temperature,  gaseous 
environment,  medium,  reaction,  and  so  on.  Thus  the  B.  jjyocyaneus, 
which  exhibits  blue-green  fluorescent  pigmentation  in  agar,  gelatin,  or 
bouillon,  forms  a  brown  film  upon  the  surface  of  a  boiled  potato.  The 
B.  frodigiosus,  grown  at  about  room  temperature  (15°  C.  to  20°  C), 
forms  a  bright  crimson-red  pigment,  but  when  grown  at  37°  C.  shows 
no  coloration,  and  only  gradually  reacquires  the  property  of  forming 
pigment  (if  at  all)  on  returning  to  the  more  suitable  conditions.  In 
almost  all  cases  the  pigmented  organisms  only  exhibit  their  colour 
when  oxygen  is  present,  although  the  essential  pigmentary  substance 
must  actually  be  formed  even  in  its  absence,  and  probably  then  exists 
in  the  form  of  a  leuco-product,  since  the  colour  is  rapidly  developed 
on  the  admission  of  oxygen. 
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{b)  Enzymes. — The  bacteria  depend  to  a  great  extent,  not  only 
for  their  normal  assimilation,  but  also  for  a  large  part  of  their  patho- 
genetic action  in  the  invaded  organism,  upon  the  effects  produced  in 
their  surroundings  by  enzymes  which  they  elaborate,  and  either  retain 
within  their  protoplasm  or  discharge  externally.  Recent  investigation 
tends  to  the  conclusion  that  the  setting-free  of  enzymes  into  the  sur- 
rounding medium  is  to  a  great  extent  dependent  on  the  disintegration 
of  the  bacteria  themselves.  However,  it  is  clear  that  all  such  enzymes 
certainly  arise  within  the  protoplasm  of  the  cell  itself,  since  they  can 
be  squeezed  out  artificially  b}'  the  application  of  sufficient  pressure. 

The  effects  of  the  zymogenetic  action  of  bacteria  fall  into  different 
groups  according  to  the  nature  of  the  chemical  changes  produced. 
They  may  be  broadly  classed  as  processes  of  oxidation,  hydrolysis, 
reduction,  decomposition,  and  synthesis,  as  well  as  physical  changes 
like  coagulation,  or  a  combination  of  several  of  these  actions,  as  in 
the  case  of  fermentation  and  putrefaction.  Oxidation  occurs  in  the 
production  of  acetic  acid  from  ethyl  alcohol  by  the  B.  aceti  {Mycodernia 
aceti),  and  in  the  formation  of  nitrites  and  nitrates  from  ammonia 
by  the  nitrifying  bacteria.  Hydrolysis  is  seen  in  the  breaking  up  of 
cellulose  by  the  B.  amtjlohacter  {Clostridium  hutyricum)  with  a  pro- 
duction of  glucose  ;  or  of  urea  into  ammonium  carbonate,  as,  for 
example,  by  the  Micrococcus  urecv,  and  in  a  great  number  of  other  well- 
known  instances,  among  which  may  be  mentioned  the  splitting-up 
of  higher  proteins  into  lower  members  of  the  group  by  peptic  and 
tryptic  action.  Reduction  is  seen  in  the  denitrifying  action  exhibited 
by  a  number  of  bacteria  which  reconvert  nitrates  into  nitrites,  and 
these  again  into  ammonia  and  free  nitrogen.  Decomjjosition  implies 
deep-seated  changes  in  the  structure  of  the  molecules  attacked,  and 
is  exhibited  in  the  production  of  indol,  fatty  acids,  amides,  and  many 
other  bodies  from  albuminous  matter. 

(c)  The  toxins  are  the  most  important  products  of  bacterial 
action.  They  are  bodies  of  entirely  miknown  composition,  but  appear 
to  be  either  colloids,  or  at  any  rate  closely  associated  with  colloidal 
matter,  and  are  produced  by  the  specific  action  of  particular  micro- 
organisms. Those  of  diphtheria,  tetanus,  and  anthrax  have  been 
the  most  carefully  studied,  and  their  formation  under  artificial  con- 
ditions has  been  found  to  be  associated  with  the  production  of  albu- 
moses  in  the  culture-fluid.  If  these  albumoses  are  precipitated  from 
solution,  the  toxic  properties  are  found  to  accompany  the  precipitate. 
But  that  the  albumoses  are  not  actually  tlie  toxins  is  believed  to  be 
shown  by  experiments  in  which  the  precipitation  of  bouillon  cultures. 
with  zinc  chloride  yielded  bodies  possessing  characteristic  toxic  action, 
but  exhibiting  none  of  the  reactions  of  protein.  Moreover,  if  the 
bacteria  are  grown  in  media  which  contain  no  protein  material,  they 
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are  still  capable  of  forming  toxins.  It  must,  however,  be  remembered 
that  the  bacteria  themselves  build  up  proteins  from  the  food  material 
supplied  to  them,  and  traces  of  protein  actually  make  their  appearance 
in  these  fluids  along  with  the  toxins.  The  toxins  formed  by  the  bacteria 
may  either  diffuse  into  the  surrounding  medium,  or  may  remain  within 
the  cell,  and  only  pass  out  into  the  medium  on  the  disintegration  of 
the  cell  itself.  This  observation  has  led  to  an  attempt  to  classify 
bacterial  toxins  as  either  "  intracellular "  or  "  extracellular."  But 
the  further  knowledge  advances  the  more  difficult  it  becomes  to  uphold 
this  distinction  between  the  so-called  "  endotoxins  "  and  the  "  exo- 
toxins," since  it  seems  probable  that  in  every  case  the  actual  formation 
of  the  specific  poison  is  an  intracellular  process. 

Among  the  toxins  formed  by  pathogenetic  bacteria,  some  are 
definitely  specific,  and  exhibit  a  well-marked  and  characteristic  action 
in  the  living  body.  Thus,  tetanus  toxin  has  a  selective  action  on  the 
central  nervous  system,  producing  irritation  and  tetanic  muscular 
spasms,  while  the  toxin  of  diphtheria  attacks  peripheral  nerves  and 
leads  to  paralysis.  Other  toxins  lead  to  more  general  results,  disorder 
of  metabolism,  fever,  and  degeneration  in  parenchymatous  organs, 
without  producing  such  defined  effects  as  would  distinguish  clearly 
the  particular  infection. 

Bacterial  toxins  are  remarkable  for  their  extreme  potency  in  quan- 
tities minute  as  compared  with  active  doses  of  the  strongest  known 
alkaloids.  Thus,  tetanus  toxin  may  be  prepared  in  a  form  several 
hundred  times  as  powerful  in  its  action  as  strychnine.  Besides  their 
proper  toxins,  pathogenetic  bacteria  produce  in  dead  and  decomposing 
animal  matter  poisonous  bodies  similar  to  the  toxic  substances  pro- 
duced by  various  saprophytes.  The  substances  in  question  are  called 
ptomaines,  and  are  frequently  of  practical  importance  in  that  they 
may  give  lise  to  the  severest  symptoms  of  intoxication.  They  are 
distinguished  from  true  toxins  by  their  greater  heat-resisting  power, 
and  they  appear  to  be  most  nearly  allied  in  constitution  to  the  vege- 
table alkaloids.  The  general  effects  and  mode  of  action  of  the  bac- 
terial toxins  are  dealt  with  further  in  the  discussion  of  Pathogenetic 
Action  and  Immunity,  p.  2.5  et  seq. 

vi.  Motility. — The  property  of  independent  movement  is 
enjoyed  by  many  bacteria.  These  are  chiefly  found  among  the  vibrios 
and  the  rod-shaped  organisms  ;  indeed,  it  is  doubtful  whether  any 
cocci  possess  motility,  though  the  contrary  has  been  maintained  in 
certain  cases  (e.g.  Micrococcus  melitensis) . 

The  movement  is  in  general  one  of  progression,  the  organism 
advancing  in  a  definite  direction  for  a  period.  It  may  then  be  observed 
to  turn  off  at  an  angle,  or  to  stop  and  remain  at  rest,  or  to  move  back- 
wards in  the  reverse  direction,  or  in  other  cases  to  turn  round  and 
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retrace  its  path,  until  some  new  influence  again  arrests  or  modifies  its 
movement. 

Associated  with  the  movement  of  progression,  or  independently, 
tlie  organism  may  exhibit  a  rotation  on  its  axis,  and  this  in  different 
cases  may  be  either  alternating — now  in  the  direction  of  the  hands 
of  a  watch,  now  in  the  opposite  direction — or  it  may  be  limited,  as  in 
the  spirilla,  to  one  direction  only,  the  micro-organism  rotating  always 
either  to  the  right  or  to  the  left  according  as  the  screw  of  its  spiral 
is  right-  or  left-handed.  The  rate  of  movement  varies  greatly  in  the 
different  motile  forms,  some  moving  witir  a  remarkable  rapidity  (as 
much  as  twenty  or  thirty  times  their  own  length  in  a  single  second), 
while  in  others  the  motion  is  extremely  slow,  so  that  it  is  often  difficult 
to  distinguish  it  at  all.  The  activity  of  movement  is  dependent  in 
a  high  degree  on  the  conditions  which  surround  the  micro-organisms, 
and  is  particularly  affected  by  the  temperature,  the  gaseous  environ- 
ment, and  the  concentration  of  the  medium  in  respect  of  salts. 

The  motility  of  bacteria  is  of  considerable  importance  in  connexion 
with  the  study  of  the  phenomenon  of  chemiotaxis. 

vii.  Chemiotaxis. — Under  this  term  may  be  included  a  variety 
of  similar  phenomena  exhibited  by  bacteria  under  the  action  of  chemical 
substances,  of  light  of  different  colours,  of  gases,  of  electric  currents 
and  the  like.  They  depend  on  a  definite  attraction  or  repulsion  of 
the  organisms  by  the  agency  in  question,  which  is  expressed  in  the 
terms  "  positive     and  "  negative  "  chemiotactic  action. 

Though  it  might  at  first  appear  from  some  experiments  that  this 
special  action  of  different  substances  on  bacteria  is  a  qualitative  one, 
it  is  found  on  more  exact  investigation  that  in  the  greater  number  of 
cases,  at  any  rate,  the  difference  is  really  only  quantitative,  and  that 
the  attraction  or  repulsion  of  the  organisms  depends  upon  the  strength 
and  concentration  of  the  agent  under  investigation.  Thus  if  a  particular 
substance  in  solution  is  found  to  attract  certain  bacteria  in  a  given 
concentration,  then  as  its  concentration  is  increased  the  attraction 
will  gradually  increase  to  a  maximum.  Further  increase  of  strength 
beyond  this  point  will  lead  to  progressively  diminishinij  attraction, 
and  finally  to  definite  repulsion,  of  the  organism  concerned.  So  far 
as  present  knowledge  goes,  it  is  impossible  to  establish  any  general 
relation  between  the  chemical  constitution  or  the  nutritive  value  to 
the  bacteria  of  the  substances  employed  and  the  character  of  the 
chemiotaxis  which  results.  Thus  it  may  be  found  that  valuable  food- 
stuffs (e.g.  sugar)  may  exert  only  the  slightest  positive  action  or  none 
at  all,  while  many  substances  which  are  distinctly  harmful,  and  perhaps 
even  destructive  to  bacterial  life,  exhibit  a  definite  positive  chemio- 
taxis (e.g.  salts  of  mercury  and  other  heavy  metals).  In  the  case  of 
light  of  different  colours,  and  of  various  gases  (e.g.  oxygen  at  different 
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pressures),  the  chemiotactic  action  would  appear  to  be  more  closely 
related  to  the  favourable  or  unfavourable  action  on  the  micro-organisms 
concerned  of  the  various  rays  or  gaseous  conditions  under  observation, 
so  that  the  bacteria  are  found  to  collect  in  the  region  of  those  light- 
rays  or  that  particular  oxygen-tension  which  is  most  favourable  to 
their  development  and  growth. 

The  phenomena  of  chemiotaxis  are  exhibited  not  only  by  bacteria, 
but  also  by  many  other  unicellular  organisms,  and  particularly  by 
the  phagocytic  cells  within  the  animal  body.  Between  the  latter 
and  invading  micro-organisms  there  appears  to  be  strong  mutual 
chemiotaxis  (positive  or  negative),  which  is  of  great  importance  from 
its  bearing  on  the  phenomena  of  local  inflammation  (emigration  of 
leucocytes,  etc.)  and  infection  in  general,  and  in  relation  to  the  develop- 
ment of  immunity. 

3.  DISTRIBUTION  OF  BACTERIA  IN  NATURE 
In  discussing  the  distribution  of  bacteria  in  a  work  on  surgery, 
attention  must  naturally  be  directed  chiefly  to  the  pathogenetic  forms. 
But  the  saprophytes  also  require  consideration  in  this  connexion,  since 
a  number  of  them  may  invade  a  surgical  lesion,  as,  for  example,  a  sup- 
purating wound,  and  assist  the  progress  of  the  pyogenetic  organisms 
either  by  forming  or  removing  particular  substances,  or  by  producing 
decomposition  in  necrotic  tissues.  Thus,  aerobic  saprophytes  may  enable 
anaerobic  pathogenetic  bacteria  (e.g.  in  tetanus)  to  obtain  a  foot- 
hold by  removing  oxygen,  and  many  of  the  toxic  symptoms  of  moist 
gangrene,  for  example,  may  be  attributed  to  the  action  of  substances 
produced  in  the  dead  tissues  by  bacteria  of  putrefaction.  Moreover, 
the  presence  of  a  large  number  of  saprophytic  forms  in  any  given  situa- 
tion is  a  valuable  indicator  which  should  at  once  suggest  the  possibility 
that  pathogenetic  organisms  may  also  be  present,  as,  for  example,  in  the 
air  of  an  operating  theatre. 

Bacteria  as  they  occur  in  nature  are  to  be  found  in  fluids  of  different 
kinds,  and  especially  water,  in  the  soil,  in  the  substance  and  upon 
the  surface  of  solid  bodies,  and  in  the  air.  In  the  air  their  presence 
is  in  one  sense  merely  accidental,  and  is  due  to  their  being  carried  up 
in  dust,  or  in  the  fine  spray  from  splashing  fluids,  or  discharged  into  it 
from  the  mouth  and  air-passages  of  animals  or  man  in  coughing, 
sneezing,  or  speaking.  It  forms  no  part  of  their  natural  habitat, 
and  yields  for  the  most  part  chiefly  such  bacterial  forms  as  offer  a 
considerable  resistance  to  drying.  In  the  case  of  inhabited  rooms 
and  houses,  however,  a  variety  of  pathogenetic  forms,  including  the 
less  resistant  kinds,  are  often  present,  since  the  air  receives  continual 
fresh  infections  from  the  saliva  sprayed  into  it  in  speaking.  This  is  a 
point  of  special  importance  to  the  operating  surgeon  who,  while  observ- 
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ing  every  possible  precaution  to  secure  pure  air  in  his  operating  theatre, 
may  inadvertently  infect  the  site  of  operation  from  his  own  mouth 
i  1  speaking,  since  quite  healthy  persons  frequently  carry  in  tlieir 
mouth  organisms  which  may  be  quite  virulent  to  another  individual 
(e.g.  streptococcus,  pneumoeoccus,  staphylococcus,  etc.). 

As  micro-organisms  suspended  in  the  air  are  subjected  to  continued 
drying,  the  bacteria  of  chief  importance  from  the  standpoint  of  aerial 
infection  (apart  from  the  special  case  of  salivary  infection  already 
dealt  with)  are  those  which  can  resist  the  eft'ects  of  drying  most  success- 
fully. Such  resistance  is  dependent  either  on  particular  characters 
of  the  bacterial  protoplasm  or  envelope  (cf.  B.  tuberculosis,  p.  I'J),  or 
on  the  faculty  of  forming  spores  (cf.  B.  anthracis,  p.  59). 

The  bacteria  found  in  water  are  of  relatively  small  importance 
in  surgery,  as  the  majority  of  them  are  harmless  saprophytes,  and 
those  pathogenetic  forms  which  do  occur  from  time  to  time  belong 
chiefly  to  the  less  resistant  varieties,  and  are  easily  destroyed  by  a  few 
minutes'  boiling.  They  reach  the  water  by  being  washed  down  from 
the  soil  by  rain,  b}^  the  discharge  of  sewage  into  rivers,  and  the  like. 
Here  they  are  exposed  to  the  struggle  for  existence  with  the  natural 
bacterial  flora  of  the  water,  as  well  as  to  other  harmful  influences, 
such  as  the  destructive  action  of  sunlight,  which  indeed  is  one  of  the 
chief  factors  in  the  so-called  self-cleansing  of  rivers. 

Sea-water  may  be  regarded  as  being  practically  free  from  bacteria 
which  are  pathogenetic  for  man,  as  soon,  at  any  rate,  as  open  water 
is  reached.  But  near  the  shore,  especially  in  bays  and  at  the  mouths 
of  rivers,  there  may  be  almost  as  many  pathogenetic  micro-organisms 
as  in  the  water  of  a  dirty  river  itself.  Thus,  in  the  Bay  of  Naples,  for 
example,  the  B.  typhosus  among  others  has  been  met  with. 

In  soil  a  great  number  of  micro-organisms  are  to  be  found,  and 
among  them  are  various  pathogenetic  forms,  some  of  which,  for  example 
the  B.  tetani  and  the  B.  redematis  maligni,  find  their  natural  habitat  in 
the  surface  layers  of  cultivated  ground.  Others  which  do  not  natur- 
ally belong  to  the  flora  of  the  soil  can  exist  in  it  for  longer  or  shorter 
periods,  especially  if  they  belong  to  the  spore-forming  bacteria  (e.g. 
B.  anthracis).  Besides  these,  where  the  soil  has  been  contaminated 
by  the  excretions  or  dead  bodies  of  animals  or  man  almost  all  the 
pathogenetic  bacterix  may  be  met  with,  and  may  occasion  infection 
under  suitable  conditions. 

The  bacteria  found  in  soil  are  consequently  of  great  importance 
in  surgical  pathology,  not  only  from  their  number,  and  the  ease  with 
which  many  of  them  may  infect  the  body,  as  for  example  B.  tuberculosis, 
B.  typhosus,  the  pathogenetic  cocci  and  B.  dipiitherirp.  but  also  because 
they  include  some  of  the  most  virulent  and  most  resistant  forms, 
namely,  the  anaerobic  organisms  of  inalignant  o.xlema  and  tetanus. 
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To  their  anaerobic  nature  must  be  attributed  the  comparative  rarity 
of  wound  infection  with  these  micro-organisms,  considering  the  wideness 
of  their  distribution  and  the  frequency  of  lesions  exposed  to  direct 
soil  contamination.  It  would  appear  that  they  are  only  able  to  develop 
in  the  animal  body  where  they  are  sheltered  from  oxygen  by  the  presence 
of  dead  tissue  (e.g.  in  extensive  contused  wounds),  or  by  the  action 
of  other  (aerobic)  micro-organisms,  which  by  taking  up  the  oxygen 
produce  conditions  suitable  for  anaerobiosis.  The  great  majority 
of  the  bacteria  of  soil  are,  however,  pure  saprophytes.  Below  the 
surface  layers  at  a  depth  of  a  few  yards  in  the  subsoil  no  bacteria  arc 
to  be  found.  The  deeper  parts  of  the  soil  contain  no  suitable  material 
for  their  growth,  and  the  soil  itself  acts  as  an  efficient  filter  for  bacteria, 
except  where  definite  cracks  permit  their  carriage  downwards  by  the 
percolation  of  water  from  the  surface  of  the  ground. 

In  or  upon  the  surface  of  the  animal  body  a  vast  number  of  bacteria, 
pathogenetic  and  otherwise,  find  the  most  favourable  conditions  for 
their  growth  in  the  presence  of  suitable  moisture,  temperature,  and 
nourishment.  The  skin  and  mucous  surfaces  form  an  admirable 
collecting  ground  for  bacteria,  in  which  they  flourish  under  the  protec- 
tion afforded  them  by  irregularities  of  the  surface,  by  ducts  and  glands 
of  different  kinds,  and  by  crypts  and  follicles  where  they  can  live  and 
multiply  in  favourable  surroundings,  and  from  which  it  is  extremely 
difficult  or  impossible  to  remove  them  by  any  process  of  cleansing. 

More  than  one  hundred  different  varieties  of  bacteria  have  been 
shown  to  occur  upon  the  skin  in  man.  And  in  the  mouth,  the  nasal 
passages,  and  the  intestiire  is  constantly  to  be  found  an  abundant  flora. 
Many  of  these  organisms  continue  to  exist  on  the  healthy  and  unbroken 
surfaces  as  harmless  sapropliytes,  hut  may  take  on  pathogenetic  action 
if  they  gain  an  entrance  to  the  tissues  through  some  injury.  More- 
over, if  transferred  to  another  individual,  an  organism  which  was  quite 
harmless  to  its  original  host,  or  had  become  so  by  the  lapse  of  time, 
may  develop  active  pathogenesis  (as  in  so-called  "  tjqjhoid-carriers  "). 

The  different  surfaces  of  the  human  body  have  each  to  some  extent 
their  own  peculiar  flora.  Thus,  on  the  skin  the  staphylococcus  albus 
is  invariably  present ;  in  the  mouth,  spirochaetes,  streptococci,  and 
streptothricese  among  others  are  always  found;  in  the  intestines. 
Bacillus  coli,  B.  lactis  aerogenes,  and  streptococci  (S.  fcecalis)  are 
normal  inhabitants  ;  and  in  the  healthy  vagina  B.  vaginalis  is  a  charac- 
teristic organism.  But,  besides  these  more  or  less  normal  constant 
residents,  numerous  pathogenetic  forms  may  occur  upon  the  skin, 
as,  for  example,  pyogenetic  cocci  and  B.  pyocyaneus.  In  the  mouth  and 
nose  pyogenetic  organisms  are  common,  and  the  pneumococcus, 
B.  injiuenzcB,  B.  dipJdhericp,  and  Micrococcus  intracellularis  meningitidis 
may  be  met  with,  in  addition  to  the  organisms  definitely  connected 
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with  special  diseased  conditions  of  the  mouth  and  nasal  cavities,  as, 
for  example,  those  associated  with  rhinoscleronia,  and  fetid  oz;ena. 
The  actual  substance  of  the  tissues  and  organs  of  the  body  is  normally 
sterile,  as  are  also  the  urinary  and  genital  passages,  except  in  the  neigh- 
bourhood of  their  external  openings  (e.g.  penile  urethra  and  vagina). 

From  the  surgical  standpoint  it  is  important  to  remember  that 
though  the  surface  of  the  skin  ma}'',  and  indeed  must  always,  be  most 
carefully  cleansed  before  any  operation,  it  is  impossible  to  maintain 
it  in  an  absolutely  sterile  condition,  since  the  glands  and  ducts  harl)our 
large  numbers  of  micro-organisms  which  cannot  be  removed.  These 
may  be  rendered  active  if  the  skin  be  unduly  irritated  in  the  process 
of  preparation,  or  bruised  in  the  course  of  the  operative  procedures. 
For  the  same  reason  the  surgeon's  hands,  which  may  be  absolutely 
sterile  (on  the  surface)  at  the  beginning  of  an  operation,  will  cea'-e  to 
be  so  when  his  manipulations  have  brought  out  the  secretions  present 
in  his  sudatory  and  sebaceous  glands.  As  a  rule  the  micro-organisms 
thus  conveyed  into  the  wound  are  of  comparatively  slight  importance 
owing  to  their  low  virulence,  but  their  presence  probably  explains 
tlie  occurrence  of  the  mild  suppurations  which  are  sometimes  seen  even 
after  operations  conducted  under  the  most  favourable  conditions. 

In  the  case  more  especially  of  the  less  virulent  bacteria  the  number 
present  is  a  factor  of  very  great  importance  in  determining  the  pro- 
duction of  suppurative  inflammation.  On  this  account,  although  it 
is  impossible  entirely  to  cleanse  such  sites  of  operation  as  the  mouth, 
or  nose,  or  the  intestinal  tract,  yet  it  is  desirable  before  operation  in 
these  regions,  to  reduce  the  number  of  micro-organisms  pre-ent,  so  far 
as  possible,  by  non-irritating  methods.  In  the  case  of  the  intestine, 
for  example,  it  is  possible  by  combining  large  doses  of  bismuth  salicylate 
with  the  usual  aperient  and  enema,  and  giving  only  sterilized  soft  food 
for  a  couple  of  days,  so  far  to  cleanse  the  intestinal  tract  that  the  danger 
of  peritoneal  infection  is  enormously  reduced. 

C.  PATHOGENETIC  ACTION  OF  BACTERIA 

1.  MODES  OF  INVASION 

Except  in  the  relatively  infrequent  cases  where,  either  as  the  result 
"of  accident  or  from  the  bites  of  insects,  infective  micro-organisms  are 
introduced  directly  into  the  blood-stream,  infection  always  begins 
as  a  localized  phenomenon,  and  leads  to  the  production  of  a  more  or 
less  distinct  and  definite  local  inflammation.  Subsequent  spread  may 
lead  to  the  dissemination  of  the  infective  agent  through  the  body,  with 
the  production  of  general  disturbances  and  the  formation  of  secondary 
foci  of  infection.    Or,  apart  from  the  spread  of  the  micro-organisms 
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themselves,  the  local  production  of  toxic  substances  and  their  diiiusion 
through  the  body  in  the  circulating  fluids  may  lead  to  severe  general 
intoxication. 

In  the  case  of  the  best-known  specific  infections  the  micro-organisms 
usually  enter  by  one  of  the  mucous  surfaces  (e.g.  respiratory,  ali- 
mentary), except  in  the  case  of  tetanus  and  hydrophobia,  which  are 
wound  infections,  of  syphilis,  where  the  infection  usually  gains  an 
entrance  through  some  slight  abrasion,  and  of  the  "  fly  inoculations  " 
(malaria,  yellow  fever,  plague,  and  trypanosomiasis).  Ordinary  pyo- 
genetic  organisms  usually  enter  by  wounds,  ulcerations,  or  abrasions 
of  the  body  surface. 

2.  MODES  OF  SPREAD 

The  comtnonest  and  most  natural  mode  of  spread  of  infecting 
micro-organisms  is  by  continuity  of  tissue  either  in  the  substance  of 
an  organ  or  along  a  surface.  Along  the  mucous  surfaces  the  spread 
is  naturally  most  usual  and  most  rapid  in  the  direction  of  the  normal 
flow  of  fluids.  Discontinuous  spread  may  also  occur  along  the  natural 
passages  of  the  body,  as,  for  example,  when  sputum  from  a  tuberculous 
lung  is  swallowed  and  infects  the  alimentary  canal,  or  when  the  gall- 
bladder is  infected  from  the  intestine  without  the  bile-duct  being 
involved  in  the  inflammation.  General  dissemination  of  the  infection 
is  brought  about  by  the  escape  of  micro-organisms  into  the  lymphatic 
circulation  or  the  blood-stream. 

It  must  also  be  remembered  that  the  phagocytes  themselves  may 
actually  assist  in  spreading  an  infection  by  carrying  off  micro-organisms 
in  their  protoplasm,  and  being  subsequently  destroyed  by  the  bacteria, 
which  are  then  free  to  multiply  in  their  new  situation. 

Other  modes  of  spread  that  may  be  mentioned  are  by  rupture 
of  an  abscess  into  a  body  cavity  or  blood-vessel,  by  transference  along 
the  perineural  lymphatics,  or  by  passage  along  the  lymphatics  from 
an  infected  area  to  reach  a  body  cavity  or  lymphatic  space,  as,  for 
example,  from  the  auditory  or  the  nasal  j^assages  to  the  meninges  of 
the  brain. 

3.  ACTION  OF  PATHOGENETIC  MICRO-ORGANISMS 
The  mode  of  action  of  invading  micro-organisms  on  the  tissues 
of  the  body  must  of  necessity  be  either  mechanical  or  chemical  in  * 
character.  The  former  is  of  relatively  slight  importance  owing  to  the 
minute  size  of  the  organisms  in  question.  When  they  are  massed 
together  in  enormous  numbers  they  may  succeed  in  forming  capillary 
emboli.  But  in  the  vast  majority  of  cases  of  infective  embolism  it 
is  detached  blood-clot  containing  bacteria,  not  the  bacteria  themselves, 
which  causes  the  obstruction. 
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The  chemical  action  of  the  bacteria  is  by  far  the  most  im- 
portant and  is  due  to  the  toxin ;  and  other  poisonous  bodies  set 
free  by  the  activity  of  the  micro-organisms.  These  substances 
have  ah'eady  been  described  (under  Metabolic  Products,  j).  17),  and 
their  effects  are  now  to  be  considered  briefly.  They  may  be  sub- 
divided into  local  and  general  actions.  The  local  effects  are  those 
of  local  irritation  of  varying  degree,  leading  to  more  or  less  evident 
inflammatory  reaction.  This  may  be  very  slight  indeed,  as  in  some 
cases  of  tetanus  infection,  or  it  may  be  violent  and  extensive  in  char- 
acter, and  accompanied  by  marked  destruction  and  degeneration  of 
tissue,  resulting  in  the  formation  of  large  centres  of  necrosis  and 
suppuration. 

The  more  general  eft'ects  are  those  which  depend  upon  the  special 
action  of  the  bacterial  toxin  circulating  in  the  blood,  and  include 
tissue  degenerations  (especially  cloudy  swelling),  disorder  of  meta- 
bolism, and  pyrexia.  In  some  particular  infections  the  specific  toxins 
seem  also  to  possess  a  selective  affinity  for  particular  tissues  and  pro- 
duce in  them  their  most  characteristic  eft'ects.  This  may  be  seen, 
for  example,  in  tlie  action  of  tetanus  toxin  on  the  central  nervous 
system,  or  in  that  of  the  diphtheria  toxin  on  peripheral  nerves. 

In  addition  to  the  direct  injurious  action  exerted  on  the  tissues 
by  invading  micro-organisms,  and  their  toxic  products,  a  numlser  of 
extremely  important  phenomena  occur  in  the  course  of  an  infection 
which  are  the  expression  of  the  reaction  of  the  organism  against  the 
infective  agents  and  their  toxins.  They  are  conveniently  grouped 
together  under  the  heading  of  immimity. 

4.  IMMUNITY 

If  a  number  of  individuals  be  exposed  to  the  same  infection,  it  is 
usually  to  be  observed  that  only  a  certain  proportion  of  them  develop 
the  actual  disease,  others  may  suffer  from  some  tem^^orary  indisposition, 
while  the  remainder  exhibit  no  symptoms  at  all.  These  facts  present 
a  striking  illustration  of  the  phenomenon  of  resistance  to  infection 
whicii  is  dependent  either  on  a  natural  or  on  a  previously  acquired 
condition  of  immunity  to  the  particular  disease  concerned.  Such 
immunity  may  be  regarded  as  antibacterial  in  character,  or  antitoxic, 
according  as  it  is  directed  chiefly  against  the  bacteria  themselves  or 
more  especially  against  their  toxic  products.  To  the  former  class 
belongs  immunity  again,st  the  causal  agents  of  enteric  fever,  cholera, 
bubonic  plague,  and  anthrax,  for  example  ;  to  the  latter,  that  against 
the  toxins  of  diphtheria  and  tetanus. 

The  problems  of  resistance  and  reaction  to  infection  may  con- 
veniently be  dealt  with  under  the  headings  of  natural  and  acquired 
immunity. 
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Natural  immunity.— This  may  be  either  absolute  or  relative, 
and  the  resistance  to  infection  which  it  implies  may  be  either  racial 
or  only  individual  in  character.  That  is  to  say,  in  some  cases  a  particular 
species  may  possess  immmiity  against  a  given  infection,  while  in  other 
instances  it  is  a  question  only  of  a  greater  or  less  susceptibility  among 
tlie  individual  members  of  a  susceptible  race.  Thus,  dogs  are  found 
to  be  immune  to  anthrax,  man  to  cattle  plague,  and  fowls  to  tetanus. 
On  the  other  hand,  man  is  susceptible  to  scarlet  fever,  for  example ; 
yet  a  certain  proportion  of  men  do  not  take  the  disease,  although  they 
may  be  frequently  exposed  to  the  infection.  These  statements  hold 
good  not  only  for  bacterial  diseases  and  the  effects  of  micro-organisms 
and  their  toxins,  but  also  for  a  number  of  other  poisons  of  animal 
or  vegetable  origin,  as,  for  example,  snake  venoms,  to  which  pigs  and 
hedgehogs  are  by  nature  insusceptible. 

Acquired  immunity. — Immimity  may  be  acquired  by  sus- 
ceptible individuals  either  by  the  natural  method  of  recovery  from 
disease,  or  artificially  as  the  result  of  inoculation  with  the  specific 
micro-organisms  themselves  or  with  their  products.  Such  immunity, 
resulting  as  it  does  from  a  definite  reaction  of  the  individual  itself, 
is  called  "  active  "  immunity,  in  order  to  distinguish  it  from  the  con- 
dition of  "  passive "  immunity  which  may  be  temporarily  induced 
by  the  introduction  of  protective  substances  obtained  from  actively 
immunized  animals. 

The  protective  action  exerted  by  the  substances  in  question  (e.g. 
blood-serum)  has  been  shown  to  depend  upon  the  presence  in  them 
of  specific  antibodies  which  have  been  produced  within  the  actively 
immunized  animal  as  the  result  of  the  reaction  of  its  tissues  to  the 
specific  causal  agents  of  disease. 

Substances  which  possess  this  faculty  of  giving  rise  to  the  forma- 
tion of  antibodies  when  injected  into  the  body  of  a  living  animal  are 
now  usually  spoken  of  as  antigens,  and  include,  besides  bacteria  and 
their  specific  products,  a  large  number  of  other  substances,  such  as 
blood  corpuscles,  animal  and  vegetable  cells,  proteins,  toxins,  and 
venoms  of  animal  or  vegetable  origin,  enzymes  and  ferments,  and  so 
on.  Their  accurate  study  has  thrown  a  flood  of  light  upon  many  of 
the  problems  of  antibacterial  immunity,  and  has  led  to  the  discovery 
of  a  number  of  important  facts  bearing  on  the  nature  and  properties 
of  antibodies  in  general. 

During  the  development  of  active  immunity,  besides  the  formation 
of  antibodies  under  the  influence  of  particular  antigens,  there  is  usually 
a  remarkable  increase  in  the  number  of  leucocytes  in  the  circulating 
blood,  and  also  an  increase  in  the  phagocytic  power  of  these  leucocytes. 
The  leucocytosis  sometimes  reaches  a  very  high  degree  at  certain 
stages  of  the  reaction  to  infection,  and  leucocyte  proliferation  is  by 
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some  observers  held  to  be  associated  with  the  production  of  the  anti- 
bodies. The  increased  phagocytic  power  of  the  leucocytes  is  itself 
attributed  by  certain  workers  to  the  influence  of  particular  antibodies 
which  they  term  opsonins,  but  about  whose  identity  there  is  still 
considerable  uncertainty.  They  are  with  difficulty  distinguishable 
from  some  of  the  bodies  to  which  bacteriological  investigation  had 
already  given  a  variety  of  other  names,  and  there  is  some  support  to 
be  found  for  the  supposition  that  opsonic  action  is  in  part  effected 
by  a  specific  antibody,  and  in  part  by  a  thermolabile  substance  present 
in  normal  blood-serum,  termed  the  complement.  However  this  may 
be,  the  development  of  active  immunity  is  definitely  associated  with 
an  increased  positive  chemiotaxis,  and  an  increase  in  the  phagocytic 
action  of  the  leucocytes. 

Other  antibodies  which  are  formed  in  the  course  of  the  reaction 
to  infection  are  the  antitoxins,  which  antagonize  the  specific  toxins  ; 
(uiglutinins,  which  cause  agglomeration  of  the  bacteria  ;  immune 
bodies  (amboceptors),  such  as  the  specific  agents  in  haemolysis,  bac- 
teriolysis, and  cytol3''sis  ;  precipitins,  coagulins,  and  the  like.  Some 
of  these  bodies  produce  their  effects  by  independent  action  (e.g.  anti- 
toxins), while  others  (the  amboceptors)  only  develop  their  activity 
when  associated  with  the  extremely  labile  substance  already  referred 
to  as  the  complement. 

Duration  of  immunity. — The  duration  of  active  acquired 
immunity  is  found  to  vary  within  very  \\'ide  limits.  Passive  immunity, 
on  the  other  hand,  persists  only  so  long  as  the  specific  protective  sub- 
stances injected  remain  in  the  body  of  the  animal,  from  which  they 
somewhat  rapidly  disappear.  The  rate  of  disappearance  is  dependent 
not  only  on  the  source  and  natuie  of  the  immune  substances  con- 
cerned, but  also  on  their  method  of  administration  (whether  sub- 
cutaneous, intraperitoneal,  or  intravenous,  etc.),  and  on  the  dosage. 
Passive  immmiity  may  last,  though  in  progressively  diminishing 
degree,  for  several  weeks,  or  for  only  a  few  days,  after  the  injection 
of  an  immmie  serum. 

The  duration  of  active  immunity,  whether  naturally  or  artificially 
acquired,  varies  within  much  wider  limits  than  is  the  case  in  passive 
imjnunity,  since  in  the  case  of  some  infections  it  persists  for  many 
years  or  even  for  life,  while  in  others  it  may  have  an  extremely  brief 
duration,  or  even  be  to  all  appearances  entirely  absent.  Indeed,  in 
a  few  cases  it  has  been  maintained  that  susceptibility  is  actually  in- 
creased by  a  previous  attack  of  the  disease,  or  a  previous  inoculation 
with  the  particular  bacterium  in  question.  Thus  the  protection 
afforded  by  recover}^  from  an  attack  of  variola,  of  S}q3hilis,  of  measles, 
of  enteric  fever,  or  of  scarlatina  continues  almost  if  not  absolutely 
invariably  throughout  life.    In  cholera  and  plague  the  immunity  is 
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only  of  a  short  duration  ;  in  diphtheria  and  pneumonia  it  is  still 
shorter,  and  is  very  brief  indeed  ;  while  in  erysipelas  it  is  often  held  to 
be  entirely  absent,  and  susceptibility  is  said  to  be  actually  increased  by 
a  previous  attack  of  the  disease. 

During  the  development  of  active  immunity  there  are  produced 
a  variety  of  substances  to  which  reference  has  already  been  made, 
but  which  require  some  further  consideration.  Among  these  the 
antitoxins  are  the  most  familiar,  and  the  most  readily  applicable 
as  protective  agents.  Their  production  may  be  artificially  induced 
by  inoculating  an  animal  with  sufficient  doses  of  the  corresponding 
toxin,  as  well  as  by  the  method  of  infection  with  the  bacterium  itself 
where  toxins  of  bacterial  origin  are  in  question.  Those  prepared  against 
the  toxins  of  diphtheria,  of  tetanus,  of  anthrax,  and  of  snake  venoms 
are  of  important  practical  utility. 

These  substances  are  formed  by  the  reaction  of  the  animal  itself, 
and  are  not,  as  was  once  supposed,  merely  the  toxin  in  a  modified 
condition,  since  an  animal  will  respond  to  an  inoculation  with  a  given 
toxin  by  producing  an  amomit  of  antitoxin  sufficient  a  million  times 
or  more  to  antagonize  the  dose  of  toxin  introduced.  Moreover,  an 
immmiized  animal  may  be  repeatedly  and  very  freely  bled  until  far 
more  than  the  original  amount  of  antitoxin  present  has  been  removed 
from  its  body,  and  yet,  on  recovery  from  the  bleeding,  its  blocd  will 
be  found  to  contain  practically  as  much  antitoxin  as  it  did  before. 
This  observation  can  only  be  explained  on  the  supposition  that  the 
substance  in  question  is  being  continuously  produced  by  cellular 
activity  in  the  tissues  of  the  animal  itself.  In  this  connexion  it  is 
important  to  remember  that  substances  similar  to  the  antitoxins 
in  tJieir  action  are  sometimes  to  be  found  in  the  blood  of  normal  and 
entirely  untreated  animals,  though  usually  only  in  quite  small  amounts. 

The  mode  of  action  of  the  antitoxins  is  still  to  some  extent  in 
doubt.  They  do  not  actually  destroy  the  toxins  which  they  antagonize, 
since  a  mixture  of  toxin  and  antitoxin  can  be  made  which  is  entirely 
non-toxic  for  a  susceptible  animal,  but  nevertheless  may  become  so 
under  suitable  conditions.  This  occurs,  for  example,  in  some  cases 
when  the  mixture  is  heated,  thus  proving  that  the  toxin  in  the  mixture 
had  not  been  destroyed  by  the  antitoxin,  but  was  merely  kept  inactive 
by  being  held  in  some  kind  of  chemical  combination  or  association 
with  it. 

That  such  a  combination  actually  takes  place  has  been  denied, 
but  the  great  mass  of  evidence  available  strongly  supports  the  view 
that  the  antitoxin  actually  neutralizes  the  toxin  in  much  the  same  way 
that  an  acid  neutralizes  a  base.  It  would  appear  that  it  is  in  general 
only  possible  to  recover  toxin  from  a  toxin-antitoxin  mixture  when 
the  two  have  remained  in  contact  but  for  a  short  time.    When  the 
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combination  has  had  time  to  become  complete,  neither  by  heating  nor 
in  any  other  way  can  the  toxicity  of  the  mixture  again  be  restored. 

Among  the  other  immune  substances  produced  in  the  course  of 
the  deveh^pment  of  immunity  some  of  the  most  important  are  the 
agglutinins.  These  bodies  are  produced  more  paiticularly  in 
infections  with  such  organisms  as  B.  typhosus,  B.  paratyphosns,  B. 
coli  communis,  B.  cholera}  asiaticce,  B.  dysenterire,  and  tlie  Micrococcus 
vielitensis.  They  differ  from  the  antitoxins  in  that  they  do  not,  to 
any  great  extent  at  least,  affect  the  pathogenetic  action  of  the  bac- 
teria in  question,  but  produce  a  pliysical  change  in  the  condition  of 
tlie  organisms  concerned.  That  is  to  say,  they  cause  an  aggregation 
of  the  bacteria  into  larger  or  smaller  masses,  which  in  the  case  of 
living  motile  forms  is  preceded  by  a  paralysis  of  motion.  The  vitality 
of  the  bacteria  is  not  affected  by  the  occurrence  of  agglutination, 
nor  is  tliis  phenomenon  in  any  way  dependent  on  the  vital  activities 
of  the  organisms  themselves,  since  it  occurs  equally  well  if  the  bacteria 
in  suspension  have  previously  been  killed  by  suitable  means. 

The  fact  that  a  development  of  agglutinating  substances  in  the 
blood-serum  occurs  in  these  infections  has  proved  itself  to  be  of  prac- 
tical account,  and  is  of  very  great  utility  both  in  assisting  and  con- 
firming the  diagnosis.  This  is  all  the  more  the  case  since  the  agglu- 
tinins begin  to  appear  at  a  very  early  stage  in  the  disease — at  a  time 
when,  in  many  instances,  the  clinical  diagnosis  must  necessarily  other- 
wise remain  in  doubt. 

When  the  production  of  agglutinins  has  once  been  established  in 
a  particular  individual,  evidence  of  agglutinating  action  may  be  found 
to  persist  for  a  long  time,  and  in  cases  even  for  a  number  of  years. 
In  such  a  case,  if  the  blood-serum  be  examined  on  several  successive 
occasions  its  agglutinating  power  will  be  found  to  remain  approximately 
constant ;  whereas,  if  the  infection  be  a  recent  one,  a  series  of  exam- 
inations of  the  blood  will  show  marked  differences  in  the  amount  of 
agglutinin  present  on  different  occasions,  since  their  production  under- 
goes a  definite  rise  and  fall  during  the  development  and  course  of 
active  immunity. 

The  precipitins  are  produced  in  response  to  the  injection 
of  various  albuminous  substances,  and  appear  in  the  serum  of  the 
animal  injected.  When  such  immune  serum  is  added  to  a  solution 
of  the  particular  albumin  concerned,  a  precipitate  is  formed.  The 
reaction  can  be  applied  to  the  differentiation  of  albuminous  bodies, 
such,  for  example,  as  the  proteins  of  blood  in  different  animals,  and 
has  been  used  with  advantage  both  in  forensic  medicine  and  in  hygiene. 
It  must,  however,  be  remembered  that  the  differences  observed  in 
testing  different  solutions  of  albumin  are  in  many  cases  only  quanti- 
tative, and  not  qualitative.     Consequently,  a  graduated  series  of 
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quantitative  observations,  with  adequate  controls,  is  always  needed  to 
give  definite  results. 

Bacteriolysins  are  produced  by  tbe  inoculation  of  animals 
with  tbe  bodies  of  bacteria,  whether  living  or  dead,  and  are  developed 
in  the  course  of  natural  infections  such  as  cholera,  enteric  fever,  and 
the  like.  They  cause  disintegration  of  the  bacterial  cell.  This  action 
has  been  shown  to  depend  upon  the  presence  of  two  substances  which 
work  together,  the  one  being  of  the  nature  of  a  specific  antibody 
(immune  body  or  amboceptor),  the  other  the  thermolabile  non-sj)ecific 
substance  already  mentioned,  called  the  complement,  which  is  destroyed 
at  a  temperature  of  about  55°  C.  Bacteriolysis  can  only  be  produced 
cither  in  the  animal  body  or  in  vitro  when  both  these  essential  sub- 
stances are  present. 

The  injection  into  animals  of  alien  red  blood-corpuscles  leads  in 
a  similar  manner  to  the  development  of  specific  hajmolysins  in  which 
the  same  thermolabile  non-specific  complement,  always  present  in  the 
fresh  blood-serum  and  other  body  fluids,  unites  in  action  with  a  spe- 
cific antibody  to  bring  about  the  solution  of  the  red  blood-corpuscles 
in  question.  These  hfemolysins,  which  are  relatively  easy  of  investi- 
gation, and  whose  action  seems  to  be  entirely  comparable  to  that  of 
the  bacteriolysins,  have  been  of  the  utmost  value  in  assisting  the  eluci- 
dation of  the  phenomena  of  bacteriolysis. 

Bacteriolysis  can  be  followed  either  in  vitro,  when  it  is  necessary 
to  suj^ply  complement  for  the  reaction  as  well  as  immune  body,  or 
in  the  peritoneal  cavity  of  a  living  animal,  in  which  case  the  com- 
plement needed  is  supplied  by  the  normal  peritoneal  fluid  of  tlie  animal 
itself.  The  intraperitoneal  experiment  in  the  guinea-pig  was  studied 
more  particularly  by  Pfeiffer,  and  is  generally  known  as  Pfeifler's 
reaction.  Besides  its  bearing  on  the  general  questions  of  immunity, 
it  has  great  practical  value  in  the  dift'erential  diagnosis  between 
V.  cholerce  asiaticce  and  allied  organisms. 

Following  up  the  problems  presented  by  the  study  of  hfemolysis 
and  bacteriolysis,  it  has  been  foimd  possible  to  produce  an  anticom- 
plement  by  injecting  alien  normal  serum  into  animals,  and  in  some 
cases  anti-immune-bodies  have  also  been  obtained.  The  study  of 
anticomplement  and  the  phenomenon  of  complement  fixation  "  led 
indirectly  to  the  discovery  of  the  so-called  Wassermann  reaction 
for  the  diagnosis  of  syphilitic  infection.  This  reaction  depends  on  the 
prevention  of  the  ha^molytic  action  of  specific  ha?mohi;ic  immune 
body  and  complement  by  the  serum  of  a  syphilitic  subject  in  the 
presence  of  an  extract  of  syphilitic  liver.  In  this  reaction  the  liver 
extract  represents  the  antigen  and  the  syphilitic  serum  the  specific 
syphilis  antibody.  When  these  are  present  together  they  take  up 
and  fix  the  complement  which  would  otherwise  produce  hfemolysis 
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in  association  witli  the  specific  liaemolysin.  Tlie  test  has  met  with  a 
considerable  measure  of  success,  and  is  of  special  value  in  obscure 
late  tertiary  syphilis.  Its  theoretical  basis  is,  however,  still  open  to 
criticism.    (For  the  technique,  see  p.  46.) 

In  attempting  to  apply  the  results  of  the  experimental  investiga- 
tion of  immimity  to  the  treatment  of  infective  disease,  whether  in 
man  or  in  the  lower  animals,  both  passive  and  active  immimizatiou  has 
been  extensively  employed.  In  the  passive  method,  immunity  is  sought 
to  be  conferred  by  the  introduction  into  the  patient  of  the  antibodies 
present  in  the  serum  of  immmiized  animals,  as,  for  example,  in  the 
antitoxins  of  diphtheria,  plague,  tetanus,  and  anthrax,  as  well  as 
in  those  which  have  been  prepared  against  a  number  of  pyogenetic 
organisms.  In  the  active  method  the  patient  is  stimulated  to  produce 
his  own  antibodies  by  inoculation  with  a  vaccine  prepared  from 
the  actual  causal  agents  of  the  disease  itself. 

The  principle  of  vaccination  against  specific  disease 
was  first  placed  upon  a  scientific  basis  by  the  work  of  Jenner  in  1796, 
and  has  since  been  carried  on  with  absolute  success  against  variola. 
It  was  employed  by  Pasteur  in  his  remarkable  investigation  of  rabies, 
which  culminated  in  the  discovery  of  the  extremely  valuable  method 
of  treating  that  infection  with  which  his  name  is  always  associated. 
More  recently,  and  chiefly  under  the  inspiration  of  Wright,  it  has  rapidly 
sprung  into  somewhat  general  use  in  the  jJrophylaxis  and  treatment 
ot  a  numl^er  of  bacterial  infections  of  known  origin,  for  example,  in 
tuberculosis,  cholera,  typhoid  infection,  plague,  and  infections  with 
pyogenetic  micro-organisms,  and  the  specific  cocci  (gonococcus,  j^neu- 
mococcus,  etc.).  In  association  with  its  practical  application,  the 
theory  of  the  production  of  opsonins  in  the  blood-serum  during  the 
development  of  immunity  has  been  elaborated  by  Wright.  Following 
the  important  observations  carried  out  by  Leishman  on  the  degree 
of  phagoc}^osis  which  occurs  in  the  blood  of  patients  suft'ering  from 
infective  disease  as  compared  with  that  in  normal  healthy  blood,  he 
devised  a  method  by  which  the  opsonizing  action  of  a  patient's  serum 
for  a  particular  bacterium  can  be  compared  with  that  of  the  serum 
of  a  normal  person  (see  under  Technique,  p.  47).  The  ratio  obtained  is 
called  the  opsonic  index.  It  is  believed  to  aft'ord  reliable  information 
as  to  the  degree  of  immunity  attained  by  the  individual  mider  observa- 
tion, and  is  made  use  of  as  a  control  and  guide  during  his  treatment 
by  a  series  of  inoculations  with  bacterial  vaccine. 

The  practical  value  of  this  vaccine  treatment  is  a  question  upon 
which  judgment  must  still  to  some  extent  be  held  in  suspense.  The 
results  obtained  in  the  various  infective  conditions  in  which  it  has 
up  to  the  present  been  seriously  attempted  are  dealt  with  in  the 
succeeding  article. 

D 


34 


SURGICAL  BACTERIOLOGY 


D.  TECHNIQUE 

Those  methods  and  manipulations  are  here  described  which  the  surgeon 
should  be  prepared  to  carry  out  as  a  matter  of  routine  in  his  own  consulting- 
room  or  operating  theatre.  They  include  the  manner  of  best  obtaining 
material  (pus,  blood,  etc.)  for  subsequent  bacteriological  investigation;  the 
making  and  staining  of  films  for  microscopical  examination  ;  and  the  method 
of  making  cultures.  In  addition  to  these,  a  brief  account  is  given  of  the 
Widal  reaction,  of  Wassermann's  reaction  in  syphilis,  and  of  the  determina- 
tion of  the  opsonic  index. 

A  large  amount  of  the  material  presented  for  examination  to  bacteriologists 
gives  no  result  of  value,  and,  indeed,  could  not  be  expected  to  give  any  informa- 
tion of  importance,  owing  to  lack  of  attention  to  the  few  elementary  principles 
which  require  to  be  remembered  in  collecting  and  transmitting  specimens 
for  examination.  It  is,  therefore,  necessary  to  emphasize  the  observation 
of  certain  simple  precautions  in  the  handling  of  bacteriological  material. 

GENERAL  METHOD  FOR  COLLECTING  FLUIDS  TO  BE 

EXAMINED 

Fluids  must  be  collected  without  allowing  the  occurrence  of  external 
contamination,  otherwise  the  subsequent  examination  will  be  entirely  mis- 
leading. 

If  small  ciuantities  will  suffice,  the  most  convenient  method  is  to  draw 
out  short  capillary  tubes  or  spindle-shaped  tubes  from  thin-walled  glass 
tubing  in  a  spirit-lamp  or  Bunsen  burner.  These  are  sterilized  in  the  making, 
and  when  the  fluid  to  be  examined  has  been  allowed  to  run  into  them  the 
ends  may  be  sealed  up  immediately. 

Where  larger  amounts  are  required,  sterile  test-tubes  should  be  employed. 
The  usual  cotton-wool  plug  (of  non-absorbent  wool)  suffices  if  the  tube  can 
be  kept  upright  and  at  once  carried  to  a  laboratory.  But  for  transmission 
sterilized  rubber  stoppers^  must  be  used  instead  of  cotton-wool,  to  prevent 
leakage  or  evaporation  of  the  fluid.  If  sterilized  vessels  are  not  available, 
a  test-tube  or  small  medicine-bottle  and  a  suitable  rubber  stopper  must  bo 
sterilized  by  boiling  for  about  10  minutes,  and  then  allowed  to  cool.  This 
will  ensure  satisfactory  results,  except  in  the  few  rare  cases  where  highly 
resistant  spores  happen  to  be  present,  as,  for  example,  on  unused  and  newly 
unpacked  glass,  wMch  should  therefore  be  avoided.  The  material  to  be 
examined  should  be  dispatched  as  soon  as  possible,  and  should  in  the  mean- 
time be  kept  in  a  cool  place  and  not  unnecessarily  exposed  to  light. 

The  quantity  of  fluid  required  for  examination  will  depend  to  a  great 
extent  on  the  nature  of  the  fluid,  and  on  the  micro-organisms  to  be  sought 
for.  A  small  quantity  of  pus,  for  example,  will  be  sufficient  for  the  discovery 
and  identification  of  ordinary  pyogenetic  micro-organisms,  while,  on  the 
other  hand,  in  the  case  of  uxine  or  a  serous  exudate,  not  less  than  100  c.c. 
of  fluid,  at  the  least,  should  be  available  if  the  presence  of  B.  tuberculosis  is 
suspected. 

^  If  rubber  stoppers  are  not  available,  freshly  boiled  corks  may  be  used.  These 
ought  preferably  to  have  been  previously  autoclaved.  The  boiling  not  only 
sterilizes  the  corks  but  also  makes  it  easier  to  fit  them  into  the  tubes. 
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In  all  cases  special  care  must  be  taken  in  collecting  the  fluid  not  to  infect 
it  from  the  skin  or  elsewhere.  Otherwise  the  isolation  and  identification 
of  the  actual  causal  agent  will  be  rendered  difficult  or  even  impossible,  and 
the  whole  fluid  may  be  overgrown  by  extraneous  organisms.  The  presence 
of  antiseptics  must  be  carefully  avoided,  since  they  may  entirely  prevent 
the  subsequent  cultivation  of  the  micro-organisms  present. 

Pus. — Wlien  possible,  pus  should  be  collected  in  a  sterile  syringe  through 
the  unbroken  skin.  If  this  is  undesu'able  or  impracticable,  the  first  portion 
of  the  pus  should  be  allowed  to  flow  away  from  an  opened  abscess,  for  example, 
before  the  sample  is  taken  for  examination.  In  the  case  of  open  suppurating 
wounds  and  sinuses,  the  superficial  parts  should  first  be  cleansed  with  sterilized 
cotton-wool  and  sterile  water  (not  an  antiseptic),  and  tlie  sample  of  pus 
obtained  from  the  deeper  part  of  the  wounds  where  contaminating  sapro- 
phytic organisms  are  less  likely  to  have  penetrated. 

In  some  cases  where  there  is  relatively  little  pus  and  a  long  sinus  or  other 
open  channel,  the  best  results  may  often  be  obtained  by  freely  irrigating 
the  external  portion,  and  then  passing  in  a  swab,  like  a  cUphtheria  throat- 
swab,  and  carefully  swabbing  over  the  walls  of  the  cavity.  At  times  it  may 
be  necessary  to  leave  such  a  swab  in  place  for  a  quarter  of  an  hour  or  so  to 
soak  up  the  discharge  (e.g.  in  seeking  for  gonococci  in  the  cervix  uteri  in 
chronic  cases  of  gonorrhoeal  infection). 

Blood. — In  collecting  blood  it  is  important  to  secure  a  sufficient  quantity 
to  enable  the  examination  required  to  be  carried  out  easihj,  and  in  such  a 
way  as  to  give  the  most  reliable  results.  For  agglutinin  readinns  (Widal), 
not  less  than  1  c.c.  of  blood  should  be  obtained.  This  can  easily  be  taken 
either  from  the  lobe  of  the  ear  or  from  the  finger,  by  making  a  number  of 
small  jiricks  quite  near  together,  with  a  fine  needle-point,  or  even  better 
with  a  sharply  drawn-out  bit  of  glass.  This  method  is  both  less  painful  to 
the  patient  and  usually  gives  more  blood  than  a  single  deeper  prick.  The 
finger  or  ear  being  previously  cleaned  up,  the  blood  is  allowed  to  run  into  a 
spindle  tube  with  capillary  ends,  or  a  dwarf  test-tube  2^  in.  long  by  ^  in. 
wide.  When  enough  has  been  obtained,  the  spindle-shaped  tube  is  sealed 
up,  or  the  test-tube  closed  with  a  sterile  rubber  stopper,  and  set  aside  for  the 
blood  to  coagulate.  The  usual  practice  is  to  collect  the  blood  for  a  Widal 
reaction  in  a  capillary  (vaccine)  tube.  Though  the  amount  of  blood  thus 
got  is  small,  yet  for  some  purjjoses  it  may  be  found  sufficient ;  and  in 
many  cases  difficulties  are  experienced  in  collecting  larger  quantities  of 
blood,  owing  to  want  of  practice,  or  to  inattention  to  the  directions  given 
above. 

For  the  sijfhilis  reaction  (Wassermanns  sero-diagnosis).  o  c.c.  of  blood 
will  be  required,  and  should  be  obtained  by  inserting  a  sterile  all-glass  syringe 
into  a  superficial  vein  in  the  arm  or  hand.  If  the  needle  have  a  sufficient 
bore  the  blood  will  flow  into  the  syringe  of  itself,  pushing  the  piston  back. 
The  use  of  anticoagulants  is  to  be  avoided,  for  there  is  no  danger  of  the  blood 
coagulating  in  the  syringe  before  it  can  be  transferred  to  a  test-tube  if  the 
operation  be  properly  performed,  and  the  addition  of  these  substances  may 
interfere  with  the  success  of  the  subsequent  examination. 

If  the  blood  is  to  be  examined  for  the  presence  of  bacteria,  it  is  desirable 
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to  collect  as  much  as  8  to  10  c.c.  by  the  same  method.  Less  than  this  amount 
is  insufficient  to  give  rehable  results,  as  the  bacteria  may  be  relatively  very 
few  in  the  peripheral  ch'culation.  The  blood  is  at  once  transferred  to  a  sterile 
vessel  (e.g.  test-tube),  and  may  with  advantage  be  defibrinated  to  keep  it 
fluid  by  shaking  it  for  some  minutes  with  a  few  bits  of  glass,  or  tin  tacks, 
or  a  little  coil  of  iron  wire  inserted  in  the  vessel  before  it  has  been  sterilized. 

If  the  blood  cannot  at  once  be  taken  in  hand  by  a  bacteriologist,  it  should 
without  delay  be  diluted  about  ten  times  with  sterile  distilled  water  or  sterile 
normal  saline  solution  in  a  sterile  flask,  if  sufficient  culture  bouillon  for  the 
purpose  be  not  at  hand.  It  is  essential  that  the  blood  should  not  remain 
undiluted  for  any  length  of  time,  as  the  bactericidal  substances  set  free  in 
it  may  possibly  suffice  to  render  it  sterile  even  if  it  originally  contained  a 
considerable  number  of  living  micro-organisms.  This  fact  accounts  for  many 
otherwise  inexplicable  results  which  are  obtained  in  the  course  of  blood 
examinations. 

Urine. — Urine  should  always  be  collected  for  bacteriological  examination 
by  catheter.  In  the  case  of  females  this  rule  should  have  no  exception  unless 
the  examination  has  to  be  frequently  repeated  (e.g.  in  suspected  tuberculosis). 
In  the  male,  if  a  catheter  cannot  be  jjassed,  or  its  use  is  undesirable,  the  penis 
should  be  carefully  cleansed,  and  the  first  portion  of  the  urine  allowed  to  escape, 
only  the  later  flow  being  used  for  examination.  Morning  urine  is  always 
preferable  for  the  purpose  if  obtainable. 

Where  the  urine  is  purulent,  or  obviously  contains  bacteria,  a  small  amount 
will  suffice  for  examination.  But  if  it  is  to  be  searched  for  tubercle  bacilli, 
a  large  quantity  must  be  collected  and  carefully  centrifugalized.  The  deposit 
is  then  examined. 

Pleural  and  other  fluids. — Similar  considerations  to  those 
already  mentioned  apply  to  the  investigation  of  pleural,  cerebro-spinal,  and 
other  fluids. 

Tissues. — Tissues  removed  for  bacteriological  investigation  should  be 
washed  in  a  stream  of  sterile  water,  dried  with  sterile  absorbent  cotton-wool, 
and  placed  in  a  dry  sterile  test-tube  or  similar  vessel  closed  with  a  rubber 
stopper  for  transmission  to  the  laboratory. 

MAKING  OF  CULTURES 

Whenever  practicable,  it  is  important,  in  addition  to  the  collecting  of 
material  for  subsecfuent  examination,  that  a  culture  should  be  made  on  the 
surface  of  slopid  agar  without  delay.  Tliis  should  be  done  either  with  a 
platinum  loop  or  needle,  or  by  gently  smearing  over  the  siu-face  of  .the 
medium  Avith  a  small  sterile  cotton- Vi^ool  swab  which  has  been  in  contact 
with  the  infective  material,  care  being  taken  not  to  break  the  surface 
of  the  agar. 

If  there  is  a  probability  of  the  presence  of  more  than  one  variety  of  micro- 
organism, a  separation  may  usually  be  effected  without  difficulty  by  the 
following  method,  using  a  series  of  three  or  four  sloped-agar  tubes.  Take 
agar  tubes  which  have  been  sloped  long  enough  for  the  small  amount  of 
condensation  water  to  collect  at  the  foot.  With  a  platinum  loop  or  needle  infect 
the  condensation  water  of  the  first  tube  from  the  material  to  be  examined, 
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taking  care  not  to  touch  the  surface  of  the  agar.  Sterihze  the  loop,  and 
from  tube  1  infect  the  condensation  water  of  tube  2,  and  so  on,  care  lieing 
taken  in  each  case  not  to  touch  the  siu'face  of  the  agar  with  the  loop.  In 
this  way  a  number  of  dilutions  are  made  in  the  condensation  ■^^•ater  of  the 
successive  tubes.  Now  take  each  tube  in  hand  successively,  and  run  its 
condensation  water  over  the  surface  of  the  slope,  or  spread  it  over  carefully 
by  means  of  a  sterile  platinum  loop.  The  tubes  may  then  be  incubated  in 
the  upright  position,  and  subsequently  one  or  more  of  them  M  ill  exliibit  well- 
isolated  surface  colonies  from  which  subcultures  and  microscopic  films  may 
be  made. 

Instead  of  agar,  coagulated  blood-senim  may  be  used  for  making  cultures. 
It  must  alivays  be  employed  for  the  diagnosis  of  diphtheria.  The  use  of 
gelatin  is  undesirable  in  this  kind  of  work  owing  to  the  low  temperature  at 
which  it  becomes  liquid,  a  temperature  much  below  that  most  favourable 
to  the  growth  of  the  majority  of  pathogenetic  micro-organisms. 

Cultures  thus  made  should  be  sent  with  the  sample  of  pus  or  other 
material  for  examination,  and  are  likely  to  att'ord  considerable  assistance  to 
the  bacteriologist. 

PREPARATION  OF  FILMS 

In  all  cases,  films  for  microscopical  examination  should  be  prepared  at 
once  from  the  material  available,  and  should  accompany  any  sample  sent 
for  examination.  This  is  of  special  importance  in  the  case  of  blood  and  other 
coagulable  fluids,  from  which  good  films  cannot  be  made  after  coagulation 
has  been  allowed  to  take  place.  Moreover,  where  bacteria  are  preseiit,  such 
a  film  gives  a  much  more  accurate  idea,  both  of  their  absolute  number  and 
of  the  relative  number  of  the  different  varieties  where  more  than  one  variety 
occurs,  than  can  be  obtained  in  any  other  way. 

In  some  instances  the  preparation  of  films  may  be  all  that  is  required 
to  establish  a  diagnosis  with  sufficient  certainty.  Thus,  in  ordinary  acute 
cases  of  uretluitis,  the  presence  of  numerous  organisms  having  the  api^ear- 
ance  of  gonococci  within  the  cells  of  the  discharge  will  be  enough  to  satisfy 
the  surgeon  ;  and,  similarly,  the  detection  of  acid-fast  bacilli  in  the  sjnitum 
will  usually  justify  a  diagnosis  of  tuberculosis. 

Method. — Films  should  by  preference  be  made  on  microscope  slides 
and  not  on  cover-glasses.  The  latter  are  fragile,  and  difficult  to  handle, 
while  the  former  are  much  more  convenient  and  safer,  and  have  the  advantage 
of  giving  a  much  larger  film  for  examination.  The  slides  must  be  carefully 
cleaned,  and  the  film  should  be  spread  thinly  and  evenly  over  the  surface, 
leaving  at  least  one  quarter  of  the  slide  at  one  end  free  for  holding.  The 
pus  or  other  material  is  spread  uniformly  in  a  thin  layer  on  the  slide,  and 
then  gently  dried  over  a  flame. 

The  film  is  fixed  by  bringing  the  bach  of  the  slide  ujion  tlie  flame  of  a  Bunsen 
bm'ner  with  lepeated  stroking  movements,  until  it  is  so  hot  as  to  be  only 
just  bearable  for  an  instant  against  the  skin  of  the  back  of  the  hand. 

In  the  case  of  sputum  it  is  very  important  to  pick  out  for  (he  purpose 
of  examination  the  small  greyish-white  points  of  pus,  avoiding  the  mucus 
and  the  ordinaiy  yellowish-green  purulent  discharge  fi'om  the  bronchi,  etc. 
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The  best  results  are  obtained  with  sputum  and  the  like  by  placing  a  small 
quantity  of  the  material  to  be  examined  between  two  slides,  wliich  are  squeezed 
together  and  then  slowly  and  steadily  drawn  apart.  The  smears  thus  pro- 
duced are  again  brought  together  and  again  drawn  apart,  and  the  process  is 
repeated  until  the  material  is  evenly  spread.  The  films  are  then  dried  and 
fixed. 

Blood  fi I  IDS  are  best  prepared  in  the  following  manner  :  Two  very  care- 
fully cleaned  slides  are  taken,  and  on  the  one,  which  is  held  in  a  horizontal 
position  in  the  left  hand,  a  drop  of  blood  is  placed  near  its  right  extremity. 
The  other  slide,  held  in  the  right  hand,  is  now  brought  down  on  the  drop  in 
such  a  way  that  the  blood  spreads  across  its  lower  end  and  lies  between  it 
and  the  horizontal  slide,  to  which  it  is  inclined  at  an  angle  of  about  45°. 
The  slide  in  the  right  hand  is  now  pushed  steadily  along  tlie  horizontal  slide 
and  draws  the  blood  after  it  so  that  a  thin  and  even  film  is  left  upon  the 
second  slide  (Fig.  1). 


Fig.  1. — Preparation  of  blood  films. 

The  film  is  allowed  to  dry  in  the  air,  and  then  fixed  either  in  the  process 
of  staining  with  Leishman's  or  Jenner's  stain,  or  by  ether-alcohol  (ether  1 
part,  absolute  alcohol  2  parts),  or  by  heating  in  air  at  120°  C.  for  half  an  hour 
in  some  suitable  apparatus. 

Urine  films  should  be  made  from  the  deposit  obtained  by  centrifugai- 
ization,  or,  where  no  centrifuge  is  available,  by  allowing  the  urine  to  stand 
in  a  conical  glass  for  a  number  of  hours.  The  deposit  is  then  removed  by 
means  of  a  pipette.  A  film  is  made  on  the  surface  of  a  carefully  cleaned 
slide,  and  dried  as  well  as  possible.  In  certain  cases  it  is  difficult  to  get 
the  film  quite  dry  owing  to  the  presence  of  hygi'oscopic  salts  in  the  urine, 
and,  consequently,  unless  treated  by  a  special  method  the  films  almost  in- 
variably wash  off  in  the  process  of  staining.  In  such  cases  the  slide  must  be 
treated  after  drying  with  successive  quantities  of  an  ether-alcohol  mixture 
(ether  1  part,  alcohol  2  parts),  which  helps  to  dry  more  thoroughly  and  to 
fix  the  film.  The  fluid  is  tlien  jDoured  ofl^,  and  the  slide  allowed  to  dry  in 
air  and  flamed.  Subsequently  the  film  is  treated  with  1  per  cent,  hydro- 
chloric acid,  which  removes  the  inorganic  salts,  urates,  etc.  It  is  then  well 
washed  with  water,  dried,  and  stained. 

Wet  films. — When  a  culture  of  bacteria  is  to  be  investigated  it  is  fre- 
quently a  great  advantage  to  examine  it  in  a  wet  condition,  both  with  and 
without  the  jjresence  of  a  stain,  as  well  as  in  dried  films.  Indeed  this  pro- 
cedure should  never  be  omitted  in  examining  any  culture,  as  many  bacteria 
lose  to  a  great  extent  their  most  characteristic  morphological  appearances 
when  dried  and  killed. 

The  following  is  the  method  to  be  used.  A  clean  slide  is  taken,  and  upon 
it,  at  a  little  distance  from  each  end,  are  placed  two  tiny  drops,  one  of  water, 
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the  other  of  dilute  Czaplewski's  fuchsin.  ^  A  little  of  tlie  culture  is  rubbed 
up  in  each  drop  and  a  cover-glass  placed  upon  each,  care  being  taken  to 
include  some  air  bubbles  to  facilitate  focussing.  The  drops  must  be  so  small 
that  the  cover-glasses  do  not  float  upon  them,  and  that  no  fluid  escapes  around 
their  edges. 

If  the  B.  diphtheria}  is  suspected,  a  wet  film  may  also  be  put  up  with 
Bio's  stain, ^  which  very  greatly  facilitates  the  diagnosis.  {See  p.  73,  under 
B.  dij)Jif}ierii_e.) 

Staining  of  dried  films. — Dried  films  prepared  as  already  directed 
may  be  stained  by  one  of  the  following  staining  methods.  In  all  cases  damar 
dissolved  in  xylol  is  recommended  for  permanent  mounting  in  preference 
to  the  use  of  Canada  balsam. 

Simple  Staining  with  Basic  Aniline  Dyes 

1.  Dry  the  film  thoroughly  in  ah: 

2.  Fix  by  flaming,  or  (e.g.  blood-films)  in  ether-alcohol.'^ 

3.  Stain  with  Czaplewski  fuchsin,*  neutral  red,'^  thionin,®  or  methylene 

blue,^  for  2  minutes. 

4.  Wash  with  tap-water. 

5.  Dry  roughly  by  pressing  out  beneath  several  thicknesses  of  filter- 

paper. 

6.  Dry  thoroughly  in  air. 

7.  Mount  in  xylol  damar. 

Ziehl-Neelsen's  Stain  foe  Acid-Fast  Bacteria  (Tubercle,  etc.). 

1.  Dry  the  film  thoroughly  in  air. 

2.  Fix  by  flaming. 

3.  Pour  on  carbol-fuchsin*^  and  heat  till  steam  rises ;  then  leave  to  s'and 

for  5  minutes. 

4.  Wash  rapidly  with  tap-water. 

5.  Decolorize  with  25  per  cent.  H.iSO^  for  3  to  5  seconds.'' 

6.  Wash  with  60  per  cent,  alcohol  till  no  more  colour  comes  out. 

Or,  5a.  Decolorize  with ;  alcoholic  aniline  hydrochloride^"  till  no  more 
colour  comes  out. 
6a.  Wash  with  tap-water. 

1  Fuchsin  1  grm.,  liquid  carbolic  acid  See,  glycerine  60  c.c,  distilled  water 
100  c.c.    Dilute  with  12  j^arts  of  distilled  water  for  use. 

2  Methylene  blue  2  grm.,  dahlia  0-25  grm.,  absolute  alcohol  20  c.c,  glacial 
acetic  acid  50  c.c,  distilled  water  930  c.c. 

^  Ether  1  part,  absolute  alcohol  2  parts. 

*  Sea  foot-note  ('),  above. 

^  1  per  cent,  watery  solution  of  neutral  red,  with  5  per  cent,  of  a  1  per  cent, 
acetic-acid  solution  added. 

^  Carbol-thionin  :  To  90  c.c.  1  per  cent,  carbolic  acid  add  10  c.c.  satuiated 
solution  of  thionin  in  50  per  cent,  alcohol. 

"  1  per  cent,  watery  solution  of  methylene  blue. 

*  Basic  fuchsin  1  grm.,  absolute  alcohol  10  c.c  Dissolve,  and  add  5  per 
cent,  aqueous  carbolic  acid  100  c.c. 

'  May  be  decolorized  for  from  18  to  24  hours. — [Editor.] 
1°  1  per  cent,  aniline  hydrocliloride  in  absolute  alcohol. 
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Counterstain. 

(a)  Stain  with  malachite  green     or  methylene  blue,  for  from 

I  minute  to  1  minute. 
(h)  Wash  well  with  tap-water. 

7.  Dry  roughly  by  pressing  out  beneath  several  tliicknesses  of  filter- 

paper. 

8.  Dry  thoroughly  in  air. 

9.  Mount  in  xylol  damar. 


Gram's  Stain 

1.  Dry  the  film  thoroughly  in  air. 

2.  Fix  by  flaming,  or  by  ether-alcohol  for  15  minutes. 

3.  Stain  with  aniline  gentian  violet,  carbol  gentian  violet,^  or  methyl 

violet,^  for  1  minute. 

4.  Pour  off  the  stain. 

5.  Wash  with  solution  of  iodine  in  potassium  iodide.* 

6.  Leave  this  solution  on  the  film  for  2  minutes. 

7.  Decolorize  with  absolute  alcohol  till  no  more  colour  comes  out. 

Counterstain. 

(a)  Wash  quickly  with  tap-water. 

(6)  Stain  with  neutral  red  for  from  1  to  2  minutes,  or,  for  blood 

preparations,  with  eosin  ^  for  2  minutes, 
(f)  Wash  with  tap-water. 

8.  Dry  roughly  by  pressing  out  beneath  several  thicknesses  of  filter- 

paper. 

9.  Dry  thoroughly  in  air. 
10.  Mount  in  xylol  damar. 

Romanowsky's  Stain  (Giemsa's  Solution^)  for  the  Spiroch.5;te 
pallida,  etc. 

1.  Dry  the  film  thoroughly  in  air. 

2.  Fix  in  ether-alcohol  or  absolute  alcohol  for  15  minutes. 

3.  Dry  in  air. 

4.  Wash  with  distilled  water. 

5.  Stain  for  15  minutes  with  freshly  made  stain  (1  c.c.  of  stain  to  10  c.c. 

of  distilled  water),  60  minutes  for  the  Spirochwte  jmllida. 

6.  Dry  roughly  by  pressing  out  beneath  several  thicknesses  of  filter- 

paper. 

7.  Dry  thoroughly  in  air  without  heating. 

8.  Mount  in  xylol  damar. 

1  1  per  cent,  watery  solution  of  malachite  green. 

^  Carbol  gentian  violet.  To  100  c.c.  of  tV  per  cent,  carbolic  acid  solution  add 
10  c.c.  saturated  alcoholic  solution  of  gentian  violet.  Allow  to  stand  till  next 
day ;  filter. 

1  per  cent,  watery  solution  of  methyl  violet. 

■*  Iodine  1  grm.,  potassium  iodide  2  gmi.,  distilled  water  300  c.Ci 

5  1  per  cent,  watery  solution  of  eosin. 

^  This  may  bs  purchased  from  Grubler,  Leipsic. 
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Staining  spores. — Tlie  following  method  may  be  used  for  staining 
spores  :  — 

1.  Dry  the  film  thoroughly  in  air. 

2.  Fix  by  flaming. 

3.  Pour  on  carbol-fuchsin,  heat  till  steam  rises,  then  leave  to  stand 

for  5  minutes. 

4.  Decolorize  slightly  witli  1  per  cent,  sulphuric  acid,  or  1  per  cent. 

hydrochloric  acid. 

5.  Wash  with  tap-water. 

Counterstain. 

(a)  Stain  with  malachite  green  or  methyl  green  for  half  a  minute. 
(h)  Wash  well  with  tap-water. 

6.  Dry  roughly  by  pressing  out  between  several  thicknesses  of  filter- 

paper. 

7.  Dry  thoroughly  in  ah'. 

8.  Mount  in  xylol  damar. 

Staining  flagella. — This  is  a  difficult  and  often  uncertain  process.  The 
slides  must  lie  scruj^ulously  clean,  and  quite  young  agar-cultures  should  be 
used  (not  more  than  15  hours  old).  A  small  amount  of  growth  must  be  taken 
on  a  platinum  needle  and  carefully  washed  out  into  a  few  drops  of  distilled 
water  in  a  watch-glass,  avoiding  violent  movements  of  the  needle  or  rubbing 
on  the  glass  as  the  flagella  are  very  easily  broken  off  from  tlie  bacteria.  A 
small  drop  of  the  emulsion,  which  must  not  exhibit  more  than  a  very  faint 
turbidity  indeed,  is  to  be  placed  upon  a  slide  and  gently  stroked  along  its 
surface.  It  is  then  air-dried,  and  may  be  stained  by  either  of  the  following 
methods :  — 

MacCeorrie's  Method 

1.  Prepare  and  fix  the  film,  as  already  directed. 

2.  Pour  on  some  of  the  mordant-stain  which  is  made  up  by  mixing  equal 

parts  of 

Saturated  alcoholic  solution  of  night  blue, 
Saturated  aqueous  solution  of  potash  alum,  and  10  per  cent, 
aqueous  solution  of  tannin, 
and  warm  gently  above  a  flame  for  about  2  minutes. 

3.  Wash  thoroughly  in  water. 

4.  Dry  in  air. 

5.  Mount  in  xylol  damar. 

Muir's  Modification  of  Pitfield's  Method 
The  mordant  used  is  made  up  as  follows  : — 

10  per  cent,  aqueous  solution  of  tannic  acid.  10  parts. 

Saturated  aqueous  solution  of  corrosive  sublimate,  5  parts. 

Saturated  aqueous  solution  of  potash  alum.  5  piarts. 

Carbol  fuchsin  (Ziehl-Neelsen),  5  parts. 
It  must  be  freshly  centrifugalized  each  time  before  use. 
The  slain  is — 

Saturated  aqueous  solution  of  potash  alum,  25  parts. 

Saturated  alcoholic  solution  of  gentian  violet,  5  parts. 
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1 .  Prepare  and  fix  the  film  as  above  directed. 

2.  Pour  on  the  mordant,  and  heat  over  a  flame  until  steam  rises.  Allow 

the  fluid  to  steam  for  about  2  minutes. 

3.  Wash  thoroughly  in  water. 

4.  Dry  completely  in  air. 

5.  Pour  on  the  stain,  and  heat  to  steaming  over  a  flame  for  about  2 

minutes. 

6.  Wash  thoroughly  in  water. 

7.  Dry  in  air. 

8.  Mount  in  xylol  damar. 

Staining  capsules. — Capsules  may  be  stained  by  Richard  Muir's 
method.    The  film  must  be  very  tliin. 

1.  Dry  the  film  thoroughly  in  air. 

2.  Stain  with  carbol-fuchsin  for  half  a  minute,  gently  heating  the  slide 

till  steam  begins  to  rise. 

3.  Wash  quickly  with  methylated  spirit. 

4.  Wash  thoroughly  with  water. 

5.  Pour  on  the  following  mordant  and  leave  for  3  or  4  seconds. 

Saturated  solution  of  corrosive  sublimate,  2  parts. 
Tannic  acid  20  per  cent,  solution,  2  parts. 
Potash  alum  in  saturated  solution,  5  parts. 

6.  Wash  thoroughly  with  water. 

7.  Treat  with  methylated  spirit  for  about  a  minute.    The  preparation 

should  now  appear  pale  red. 

8.  Wash  thoroughly  in  water. 

9.  Counterstain  for  half  a  minute  with  methylene  blue. 

10.  Wash,  dehydrate  in  alcohol,  clear  in  xylol  and  mount  in  xylol  damar. 

Staining  of  sections. — Sections  of  tissues  cut  in  paraffin  may  be 
stained  for  bacteria  by  the  following  methods  : — 

Simple  Staining  with  Basic  Aniline  Dyes 

1.  Treat  with  xylol  for  1  minute. 

2.  Wash  with  xylol. 

3.  Remove  xylol  with  absolute  alcohol. 

4.  Stain  with  thionin,  neutral  red,  or  methylene  blue. 

5.  Wash  with  tap-water. 

6.  Treat  with  1  per  cent,  acetic  acid  for  3  seconds. 

7.  Dehydrate  with  absolute  alcohol. 

8.  Clear  with  xylol. 

9.  Mount  in  xylol  damar. 

Oakmine-Gram 

1.  Treat  with  xylol  for  1  minute. 

2.  Wash  with  xylol. 

3.  Remove  xylol  with  absolute  alcohol. 

4.  Stain  with  lithium  carmine^  for  5  minutes. 

1  Carmine  5  grm.,  saturated  solution  of  lithium  carbonate  in  distilled  water 
200  e.c.    Boil  and  filter. 
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5.  Treat  with  picric-acid-hydi'ochloric-acid-alculiol  ^  for  2  seconds. 

6.  Wash  with  tap-water. 

7.  Stain  with  anihne  gentian  violet,  carbol  gentian  violet,  or  methyl 

violet  for  2  minutes. 

8.  Pour  off  the  stain. 

9.  Wash  with  a  solution  of  iodine  in  potassium  iodine." 

10.  Treat  with  a  solution  of  iodine  in  potassium  iodine  for  3  minutes. 

11.  Decolorize  and  dehydrate  with  absolute  alcohol  until  the  carmine 

led  again  shows  distinctly. 

12.  Clear  with  xylol. 

13.  Mount  in  xylol  clamar. 

Ziehl-Neelsen 

1.  Treat  with  xylol  for  1  minute. 

2.  Wash  with  xylol. 

3.  Kemove  xylol  with  absolute  alcohol. 

4.  Stain  with  carbol-fuehsin,  heating  the  slide  gently,  and  leaving  for 

5  minutes. 

5.  Wash  with  tap-water. 

6.  Decolorize  with  25  per  cent.  H.jSO,|  for  from  3  to  10  seconds. 

7.  Wash  with  60  per  cent,  alcohol  till  only  a  faintly  rosy  colour  remains. 
Or,  6a.  Decolorize  with  alcoholic  aniline  hydrocliloride  till  only  a  faintly 

rosy  colour' remains. 
7a.  Wash  with  tap-water. 
a.  Stain  with  malachite  green  or  methylene  blue  for  1  minute. 
9.  Wash  with  tap-water. 

10.  Dehydrate  with  absolute  alcohol. 

11.  Clear  with  xylol. 

12.  Mount  in  xylol  damar. 

WiDAL  Reaction 

The  phenomenon  of  agglutination,  or  the  aggregation  of  bacteria  in 
suspension  into  clumps  under  the  action  of  specific  antibodies  called  agglu- 
tinins, has  already  been  discussed  in  connexion  with  the  subject  of  immunity. 

It  may  be  watched  under  the  microscope  in  a  hanging-drop,  and  in  bacterial 
suspensions  its  occurrence  leads  to  a  striking  alteration  in  the  naked-eye 
ajipearance  of  the  fluids  concerned.  This  consists  in  a  gradual  change  from 
uniform  turbidity  to  a  granular  condition  of  the  fluid,  and  terminates  under 
suitable  conditions  in  the  "  sedimentation  "  or  settling  out  of  the  bacterial 
clumps. 

The  reaction  as  used  clinically  for  tlie  diagnosis  of  typhoid  infection  is 
spoken  of  as  Widal's  reaction,  and  when  employed  for  this  purpose,  or  for 
the  differentiation  of  B.  typhosus.  B.  ■pavatypliosus.  B.  coli.  and  allied  forms, 
is  still  commonly  carried  out  by  the  microscopic  method.  This  must,  there- 
fore, be  described  at  the  outset.    But  it  must  be  clearly  stated  that  the  only 

1  HCl-alcohol  with  a  little  picric  acid  added. 

"  "  Lugor.s  iodine  "  :  iodine  1  grm.,  potassium  iodide  2  grm.,  distilled  water 
300  c.c. 
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way  in  which  constant,  rehable,  and  satisfactory  results  can  be  obtained 
is  by  the  macroscopic  method  of  examination. 

Microscopic  method. — Serum  is  separated  from  the  blood  to  be 
examined,  and  a  number  of  dilutions  (1-5,  1-10,  1-20,  1-50,  etc.),  are  made 
with  culture  bouillon.  This  should  by  preference  be  done  accurately  with 
a  graduated  capillary  pipette,  but  is  sometimes  done  by  placing  a  loopful 
of  serum  on  a  slide  with  a  platinum  loop,  placing  round  it  in  succession  as 
many  loopfuls  of  bouillon  as  are  needed  for  the  dilution  desired,  and  then 
mixing  all  the  loopfuls  together. 

A  young  bouillon  culture  of  the  organism  to  be  tested  is  then  taken  in 
hand  (preferably  not  more  than  18  hours  old),  and  a  measured  c^uantity  of 
this  (or  a  looj)ful)  is  mixed  with  an  equal  measured  quantity  (or  loopful)  of 
diluted  serum.  From  the  mixture  a  hanging-drop  is  made,  or  a  drop  placed 
on  a  slide  and  simply  covered  with  a  cover-glass. 

The  effect  of  the  serum  is  watched  under  the  microscope.  It  is  important 
that  the  culture  be  examined  also  without  the  addition  of  serum,  to  avoid 
the  fallacy  of  spontaneous  agglutination  of  the  bacteria,  and  for  the  same 
reason  emulsions  from  agar  should  never  be  employed. 

As  regards  the  diagnosis  of  enteric  fever,  it  is  usually  agreed  that  a  positive 
reaction  within  20  minutes,  with  a  total  dilution  of  the  serum  of  1  in  50, 
justifies  a  diagnosis  of  tyjjhoid  infection. 

Macroscopic  method. — The  test  should  be  performed  in  the  following 
manner  : — 

Take  a  test-tube  and  label  it  A.  Place  10  small  sedimentation-tubes  in 
a  stand  in  2  rows  of  5  each.  Using  a  special  dropping  pipette,  measure  out 
into  tube  A  36  drops  of  tap-water.  With  the  same  pipette  add  4  drops  of 
the  serum  to  be  examined.  This  gives  a  dilution  of  1  in  10.  Wash  the 
pipette  carefully. 

In  tube  1  of  each  row  place  0  drops  of  taj)-\vater- 
„       2  „  „  5 

3  „  „  8 

4  „  „  9 
„       5          „          „  10 

With  the  same  pipette  add- 
To  tube  1  in  each  row 
2 
3 
4 
5 

Wash  the  pipette  carefully  and  use  it  to  add  to  each  tube  in  row  1,  15 
drops  of  a  specially  prepared  sterile  culture of  the  micro-organism  to  be 

'  Ordinary  meat  (veal)  peptone  bouillon  is  used  as  culture-medium.  It  should 
be  as  pale  as  possible,  and  should  not  be  autoclaved  for  more  than  15  minutes 
at  115°  C,  otherwise  the  colour  deepens  and  the  cultures  become  more  liable 
to  spontaneous  agglutination.  The  less  grape  sugar  there  is  in  the  bouillon  the 
better,  for  numerous  experiments  have  proved  that  grape  sugar  lessens  the  agglu 


10  drops  of  diluted  serum  from  tube  A. 

"  >>  >>  »  V 

2 
1 


WIDAL  REACTION 


45 


tested.  Shake  each  tube  thoroughly  in  order  from  right  to  left,  placing  the 
thumb  on  the  mouth  of  the  tube.  Leave  at  a  temperature  of  between  37^ 
and  55^  C.  for  2  hours,  and  then  examine  for  agglutination. 

In  tube  1  the  serum  acts  in  a  dilution  of  1  in  25 

2  .,  „  1  in  50 

3  „  .,  .,      1  in  125 

4  „  „  „      1  in  250 

Tube  5,  containing  no  scrum,  serves  as  a  control  against  spontaneous  agglu- 
tination. 

If  a  measurable  amount  of  agglutinin  is  contained  in  the  serum,  one 
or  more  of  the  tubes  will  become  clarified,  more  or  less  granular  in  appearance, 
and  less  opalescent.  A  light  flocculent  deposit  will  collect  at  the  bottom 
of  such  tubes  in  the  course  of  2  or  3  hours  or  even  sooner,  while  the 
control  tube  remains  diffiisedly  turbid. 

Agglutination  in  the  dilution  of  1  in  25  justifies  a  strong  suspicion  ot 
typhoid,  paratyphoid,  or  B.  coli  infection,  as  the  case  may  be.  But  since 
some  normal  serums,  and  the  serums  of  some  persons  who  have  previously 
passed  through  these  infections,  give  agglutination  to  this  dilution,  the 
examination  should  be  repeated  some  days  later  to  ascertain  whether  the 
agglutinating  power  increases.  (If  this  occurs  the  case  is  evidently  one  of 
active  infection.) 

tinability  of  the  growths,  diminishes  tlie  velocity  of  the  reaction,  and  increases 
the  tendency  to  spontaneous  agglutination. 

It  is  well  that  any  strain  of  B.  typhosus,  B.  paratyphosus,  or  B.  coli  should  be 
passed  through  a  number  of  bouillon-tubes  day  by  day,  for  several  weeks  before 
it  is  used  in  the  preparation  of  the  culture  for  agglutination.  Those  passages 
augment  its  agglutinability,  and  result  in  the  production  of  a  more  homogeneous 
strain.  After  inoculation,  the  flasks  of  bouillon  are  kept  at  37"  C.  in  the  ther- 
mostat for  22  to  24  hours.  They  are  then  well  shaken  up,  and  Od  per  cent,  of  the 
ordinary  40  per  cent,  solution  of  formol  is  added.  After  another  careful  shaking 
they  are  placed  in  the  ice-chest  at  about  2°  to  6^  C.  They  are  well  shaken  up  again 
that  day,  and  also  on  the  following  days.  The  flasks  are  almost  always  found 
to  be  sterile  within  48  hours,  and  are  invariably  so  at  the  end  of  72  hours,  under 
these  conditions.  The  reason  for  keeping  the  flasks  at  the  low  temperature  of 
2°  to  0^  C.  is  that  the  cold  hinders  tlie  further  growth  of  the  bacteria,  and  so 
prevents  the  diminution  of  the  agglutinability  that  would  otherwise  follow  the 
increased  production  of  "  toxins,"  etc.,  in  the  cultures. 

Should  it  happen  that  the  cultures  do  not  form  an  entirely  homogeneous 
emulsion,  they  must  be  filtered  through  sterilized  cotton-wool  or  coarse  filter-paper 
(papier  Chardin).  Finally,  the  cultiu'es  so  prepared  and  sterilized,  whether  of  B. 
typhosus,  B  paratyphosus,  or  B.  coli,  are  put  into  sterile  bottles  with  rubber  corks 
and  kept  in  the  cold  and  in  the  dark. 

Such  preparations  have  the  following  advantages  : — 

1.  They  are  absolutely  sterile. 

2.  They  are  as  sensitive  to  agglutination  as  the  same  cultures  when  fresh,  or 
even  more  so. 

3.  They  can  be  kept  unchanged  for  six  months,  or  a  year,  or  even  longer. 

4.  They  render  possible  the  production  of  a  standardized  culture  of  constant 
agglutinability.  This  is  a  matter  of  great  importance  for  the  introduction  of 
uniformity  mto  the  Widal  reaction  and  the  collection  of  extensive  comparable 
results. 
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Wassebmann's  Reaction  for  Syphilis 

In  this  reaction  measured  quantities  of  serum  from  the  patient,  from  a 
healthy  subject,  and  from  a  case  of  syphilis  known  to  give  a  positive  result, 
are  taken  and  compared  together  after  heating  for  half  an  hour  at  56°  C.  to 
remove  complement. 

A  hsemolytic  serum  prepared  against  the  red  blood-corpuscles  of  either 
the  sheep  or  ox  by  the  repeated  intraperitoneal  injection  of  such  corpuscles 
into  a  rabbit  may  conveniently  be  employed.  This  serum  is  heated  for  half 
an  hour  at  56°  C.  to  ensure  the  absence  of  complement.  The  experiment 
is  carried  out  on  homologous  washed  red  corpuscles  (i.e.  sheep's  htemolytic 
serum  on  sheep's  corpuscles  and  ox's  serum  on  ox's  corpuscles). 

As  "  antigen  "  is  used  an  alcoholic  extract  of  syphilitic  liver.  But  if 
this  is  not  available  a  similar  extract  of  rabbit's  or  guinea-pig's  heart-muscle 
is  now  known  to  answer  the  purpose.  The  extract  is  prepared  by  treating 
the  minced-up  tissue  with  ten  to  twelve  times  its  weight  of  absolute  alcohol. 

Complement  is  obtained  by  using  the  serum  of  a  freshly  killed  guinea-pig. 

The  red  corjjuscles  to  be  used  are  twice  washed  with  "  normal "  salt 
solution  (0-85  per  cent.),  and  made  up  with  normal  salt  solution  to  about 
six  times  the  original  volume  of  the  blood. 

The  serums  to  be  tested  are  first  mixed  in  the  appropriate  dilutions  with 
the  proper  amounts  of  liver  extract,  and  the  complement-containing  serum 
of  a  guinea-pig.  The  fluids  are  mixed  together  and  then  incubated  in  a  water- 
bath  for  2  hours  at  37°  C.  At  the  end  of  this  period  suitable  amounts  of  the 
hsemolytic  immune  serum  and  of  the  washed  red  corpuscles  are  added  to  each 
tube,  and  the  whole  well  mixed  by  shaking  and  placed  in  a  water-bath  at 
37°  C.  for  from  one  to  two  hours. 

The  amount  of  immune  serum  used  should  be  two  or  three  times  the 
quantity  which  can  comfdetely  haemolyse  the  red  corpuscles  when  sufficient 
complement  is  provided,  and  should  be  so  diluted  that  this  amount  is  present 
in  0  '3  c.c.  of  the  diluted  serum.  The  amount  of  complement  to  be  recommended 
is  about  2V  c.c.  of  normal  guinea-pig's  serum. 

Besides  the  series  of  controls  provided  by  the  tubes  with  normal  human 
serum,  and  with  known  syphilitic  serum,  a  control  must  be  put  up  containing 
no  human  serum  of  any  kind,  as  a  precaution  against  the  fallacy  which  arises 
if  the  liver  extract  alone  happens  to  be  able  to  counteract  the  complement 
and  prevent  haemolysis.  Another  control  is  made  without  either  human 
serum  or  liver  extract,  to  exhibit  the  haemolysis  which  can  actually  be  pro- 
duced by  the  hasmolytic  serum  and  the  complement  employed. 

The  table  below  shows  the  precise  manner  in  which  the  tubes  should  be 
put  up,  as  regards  the  number  of  observations  needed,  and  the  quantities 
of  the  various  fluids  which  should  be  used.  It  is  to  be  observed  that  at  each 
stage  of  the  reaction  the  total  volume  of  fluid  is  the  same  in  all  the  tubes. 

Tubes  4  to  12  in  the  table  obviously  represent  controls  of  various  kinds. 
Consequently,  in  testing  a  number  of  suspected  serums  at  the  same  time, 
these  tubes  only  require  to  be  put  up  once.  As  performed  in  the  manner 
shown  below,  the  test  is  not  merely  a  qualitative  one,  but  also  gives  accurately 
quantitative  results,  since  a  series  of  three  tubes  is  taken  in  each  case. 

The  result  depends  on  whether  and  to  what  extent  haemolysis  is  prevented 
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in  tubes  1,  2,  and  3.  In  tubes  4,  5,  and  6  haemolysis  should  be  complete,  or 
at  any  rate  marked  ;  in  tubes  7,  8,  and  9  it  should  be  absent,  or  markedly 
reduced. 


TABLE   OF  WASSERMANN  S  REACTION 
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*  The  fraction  V,  t?-,  etc.,  means  that  the  fluid  in  question  lias  jireviously  been 
diluted  to  one-fifth,  one  twenty-fifth,  etc.,  with  nonual  .saline  solution. 


Determination  of  the  Opsonic  Index 
In  this  determination  the  serum  of  the  patient  is  compared  with  the 
serum  of  a  healthy  individual,  or,  better',  with  a  "pooled"'  serum  from  a 
number  of  healthy  persons,  as  regards  its  power  of  jjreijaring  the  bacteria 
in  a  given  bacterial  emulsion,  for  phagocytosis  by  normal  washed  leucocytes. 

1.  Preparation  of  normal  leucocytes.— About  cc.  of  blood  is 
taken  from  the  observer's  finger  into  about  3  c.c.  of  a  1  '5  per  cent,  solution  of 
sodium  citrate  in  0'85  per  cent,  sodium  chloride  solution,  the  tube  being  gently 
shaken  as  the  blood  drops  into  it,  to  ensure  thorough  mixing  and  prevent 
coagulation.  The  mixture  is  then  centrifugalized,  and  the  supernatant  tiuid 
removed  and  replaced  by  normal  salt  solution.  The  blood  corpuscles  are 
then  shaken  up  again,  again  centrifugalized,  and  the  overlying  fluid  care- 
fully removed.  The  upper  layer  of  the  corpuscles,  which  contains  the  greater 
number  of  the  leucocytes,  is  now  pipetted  off  into  small  tubes  and  set  aside 
for  use. 

2.  Preparation  of  serums. — Blood  is  taken  into  a  Wright's  blood- 
capsule  or  other  suitable  small  tube  to  the  amount  of  about  i  c.c.  It  is 
allowed  to  clot,  and  the  vessel  is  tlien  placed  in  a  centrifuge,  and  the  serum 


48 


SURGICAL  BACTERIOLOGY 


thus  separated.  The  operation  is  performed,  with  blood  from  the  j  atient, 
and  with  blood  from  the  control  individual  (or  group  of  individuals). 
The  serums  thus  obtained  should  be  used  as  quickly  as  possible,  that  is 
to  say,  while  they  are  still  quite  fresh. 

3.  Preparation  of  bacterial  suspension.— In  the  case  of  rapidly 

growing  micro-organisms  a  little  of  a  'Zi-hour-old  sloped-agar  surface  culture  is 
taken  and  rubbed  up  in  a  few  drops  of  0"85  per  cent,  saline  solution,  the 
resulting  emulsion  is  added  to  several  c.c.  of  saline  solution  in  a  tube  and 
centrifugalized  to  get  rid  of  any  unbroken  masses  or  clumps  of  imdLssociated 
bacteria.  The  fluid  suspension  is  pipetted  off,  and  diluted  until  it  shows 
only  a  very  faint  turbidity,  when,  according  to  Wright,  it  will  contain  the 
most  appropriate  number  of  bacteria. 

In  the  case  of  organisms  wliich  only  grow  on  special  media,  or  grow  very 
slowly,  suitable  cultures  must  be  used  for  preparing  the  bacterial  suspension. 
In  the  case  of  the  B.  tuberctilosis  it  is  probably  most  convenient  for  those 
who  are  not  expert  bacteriologists  to  purchase  one  of  the  preparations  stocked 
by  wholesale  chemists,  and  make  up  from  this  a  suspension  of  the  proper 
strength  in  1  '5  per  cent,  saline  solution.  The  test  is  carried  out  in  the  following 
way  :  A  piece  of  glass  tubing  is  drawn  out  at  one  end  into  a  capillary  tube, 
and  the  other  end  is  provided  with  a  rubber  nipple.  A  mark  is  made  on  the 
capillary  about  an  inch  from  its  lower  end,  and  to  tliis  mark  serum  is  drawn 
up,  a  small  air-bubble  is  admitted,  and  the  bacterial  suspension  is  drawn 
up  to  the  same  mark.  The  two  portions  of  fluid  are  then  blown  out  upon  a 
clean  slide,  sucked  up  again,  and  again  blown  out  several  times  to  ensure 
complete  mixing.  The  mixture  is  now  drawn  up  into  the  tube,  a  small  air- 
bubble  admitted  and  leucocyte  suspension  (which  has  been  previously  well 
mixed  by  gentle  shaking)  is  taken  in  to  the  mark.  The  whole  is  blown  out 
upon  the  slide  and  mixed  as  before.  The  fluid  is  finally  taken  up  into  the 
pipette,  a  little  air  admitted,  and  the  end  of  the  capillary  sealed  up  in  a  small 
flame.  Two  pipettes  are  thus  prepared,  the  one  with  normal  serum  and 
the  other  with  the  serum  under  investigation.  The  pipettes  are  incubated 
at  37°  C.  for  a  quarter  of  an  hour,  are  then  opened  at  the  point,  the  contents 
are  again  well  mixed,  and  films  prej)ared.  These  are  either  fixed  in  corrosive- 
sublimate  solution  for  a  few  seconds  and  then  well  washed  and  stained,  or 
fixed  and  stained  by  using  Leishman's  stain. 

In  each  film  the  number  of  bacteria  in  not  less  than  100  leucocytes  (pre- 
ferably 200)  is  counted,  and  the  average  number  per  leucocyte  thus  arrived 
at.  The  ratio  which  this  average  in  the  case  of  the  patient  bears  to  the 
average  in  the  control  prepared  with  normal  serum  is  called  the  opsonic  index 
of  the  patient's  serum. 

III.  SPECIAL  BACTERIA 
I.  COCCI 

Staphylococcus  pyogenes  aureus  (Plate  2,  Figs.  1  and  2). 

— The  connexion  of  niicrococci  which  grew  in  clusters  with  many  sup- 
purative conditions  had  been  studied  by  Koch,  Pasteur,  and  Ogston, 


Fig.  1. — Staphylococcus  pyogenes  aureus  from  pure  culture. 
Stained  by  Gram's  method.  850. 


2. — Staphylococcus  in  section  of  Fig.  3.— Micrococcus  tetragenus 
kidney     abscess.        Stained     by  in  section  of  kidney,  i  Stained 

Gram*s  method.     >    750.  by  Gram's  method.  750. 
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Fig.  1. — Streptococcus  pyogenes  from  pure  culture. 

method  (Burri).    x  1,000. 
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Fig.  2. — Streptococcus  pyogenes  in  section  of  Fig.  3. — Pneumococcus  in  pus.  Stained 

kidney.    Stained  by  Gram's  method.    X  850.  by  Gram's  method.    X  750. 
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but  it  was  Rosenbacli  who,  iu  1884,  first  clearly  differentiated  and  named 
the  various  pyogenetic  cocci  commonly  met  with.  Ogston  had  already 
demonstrated  the  close  relationship  of  "  cluster "  cocci  to  wound- 
infection,  to  osteo-myelitis,  and  to  localized  suppurative  conditions  in 
general.  The  work  of  Becker,  who  obtained  pure  cultures,  and  the 
investigations  of  Rosenbacli  afforded  definite  proof  of  the  pathogenetic 
action  of  the  staphylococci,  and  especially  the  Staph ijlococcus  pyogenes 
aureus. 

The  micro-organism  is  a  spherical  or  nearly  spherical  coccus  with 
a  diameter  of  about  0-7  yu,  to  09  /a,  but  it  may  exhibit  greater  varia- 
tions in  size  under  particular  conditions  of  temperature,  culture 
medium,  etc.  The  cocci  are  commonly  arranged  irregularly  in  larger 
or  smaller  groups,  but  may  appear  chiefly  in  pairs.  Moreover  a  micro- 
scopic film  will  frequently  present  numerous  isolated  individuals,  short 
chains  of  three  or  four,  and  even  tetrads.  The  staphylococci  are 
non-flagellated  and  non-motile. 

The  organism  stains  readily  with  aqueous  solutions  of  most  basic 
aniline  dyes  either  in  a  wet  preparation  (cf.  Technique,  p.  38)  or  in 
a  dried  film.  It  is  also  stained  by  certain  acid  dyes,  such  as  eosin, 
and  fairly  well  by  hfematoxylin.  It  is  Gram-positive,  as  are  all  the 
staphylococci. 

It  is  aerobic,  and  a  facultative  anaerobe.  It  grows  well  on  all 
ordinary  media  at  the  room  temperature,  but  nmch  more  luxuriantly 
at  the  body  temperature.  Its  optimum  is  about  30°  C,  and  its  range 
of  growth  from  about  10°  C.  to  about  40°  C. 

The  cultures  show  a  rich  golden-coloured  pigmentation,  but  only 
form  their  pigment  in  the  presence  of  free  oxygen. 

In  bouillon  at  37°  C.  the  organism  rapidly  produces  a  miiform 
turbidit}'.  It  occasionally  forms  a  thin  film  upon  the  surface,  and  after 
a  few  days  exhibits  an  abundant  and  somewhat  slimy  deposit  at  the 
foot  of  the  tube. 

In  a  gelatin-stab,  growth  occurs  along  the  whole  length  of  the  stab, 
but  most  rapidly  near  the  surface,  where  peptonization  of  the  medium 
commences  in  the  course  of  a  few  days,  and  leads  to  the  formation 
of  a  cone  of  liquefaction.  At  the  apex  of  the  cone  is  found  a  golden- 
coloured  mass  of  deposited  growth. 

On  the  surface  of  agar  (at  37°  C.)  the  growth  apjjears  as  a  moist 
and  paint-like  orange-coloured  streak  most  deeply  pigmented  along 
the  centre  of  the  growth  and  paler  at  the  edges.  This  is  due  to  the 
fact  that  the  development  of  colour  increases  as  the  culture  becomes 
older,  and  is  accordingly  luost  marked  in  the  oldest  part  of  the 
growth. 

On  potato  the  organism  grows  well,  and  upon  tliis  jnedium  the 
pigmentation  is  particularly  well  marked. 
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When  grown  in  milk  it  causes  coagulation  within  a  day  or  two  at 
37°  C. 

In  culture  it  is  readily  distinguished  by  its  rich  orange  pigmentation, 
and  is  only  likely  to  be  confused  in  this  respect  with  the  Sarcina 
aurantiaca. 

The  staphylococcus  aureus  shows  considerable  resistance  to  un- 
favourable conditions.  Some  strains  survive  heating  for  an  hour 
at  70°  C.  even  in  a  moist  condition,  though  many  are  killed  in  about 
half  an  hour  at  temperatures  between  50°  C.  and  60°  C.  It  is  killed 
with  certainty  in  half  an  hour  at  80°  C. 

In  cultures  upon  agar  or  gelatin  it  will  live  for  a  year  or  more, 
and  when  in  a  dry  condition  on  indiiJerent  material  it  may  be  found 
alive  and  virulent  even  after  many  months. 

Against  the  more  commonly  used  antiseptics  it  exhibits  moderate 
resistance.  A  3  per  cent,  solution  of  carbolic  acid  kills  the  organism 
in  a  few  minutes  (5-10),  while  a  1  per  cent,  formaldehyde  solution 
requires  about  an  hour  to  ensure  sterility.  Mercuric  chloride,  while 
inhibiting  its  growth  in  quite  weak  solution,  is  particularly  ineffective 
as  a  destructive  agent  for  the  staphylococci,  since  in  a  strength  of 
1-1,000  it  takes  about  20  hours  to  kill  these  organisms  in  a  drop 
of  pus.  The  micro-organism  is  remarkably  susceptible  to  the  action 
of  certain  aniline  dyes  ;  thus,  methyl  violet  in  a  dilution  of  1-25,000 
will  kill  it  in  the  course  of  15  minutes,  and  a  closely  allied  dye  has 
been  extensively  used  mider  the  name  of  pyoktanin  in  ophthalmic 
surgery. 

The  organism  produces  powerful  tryptic  ferments,  and  in  cultiva- 
tion it  can  liquefy  not  only  gelatin,  but  frequently  coagulated  blood- 
serum  also.  This  fact  is  of  importance  in  relation  to  the  destruction 
and  disintegration  of  tissue  which  occur  in  conditions  of  local  suppura- 
tion and  abscess  formation. 

In  addition  to  these  ferments  there  are  often  found  in  filtered 
bouillon  cultures  toxic  substances  exhibiting  haemolytic  and  leucotoxic 
(leucocyte-destroying)  properties,  as  well  as  others  which  produce 
upon  injection  local  areas  of  extensive  cell  necrosis,  or  when  circulat- 
ing in  the  blood  occasion  special  changes  in  the  kidneys,  and  may  even 
lead  to  amyloid  degeneration  in  a  variety  of  organs. 

When  inoculated  into  animals,  the  living  organism  leads  to  the 
local  formation  of  an  abscess,  and  may  produce  a  general  infection 
terminating  in  a  condition  of  pysemia.  Such  a  pyjemia  usually  exhibits 
numerous  secondary  foci  in  the  heart  and  kidneys,  and  is  often  accom- 
panied by  suppurative  arthritis.  Osteo-myelitis  hardly  ever  occm's 
under  such  conditions  miless  a  bone  has  previously  been  injured. 
The  virulence  of  the  organism  is  very  rapidly  increased  by  passage 
from  animal  to  animal. 
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The  human  subject  is  even  more  susceptible  to  the  pathogenetic 
action  of  staphylococci  than  are  most  animals.  Even  if  the  micro- 
organism be  merely  rubbed  into  the  skin  a  series  of  boils  or  local 
abscesses  may  be  produced.  It  is  indeed  the  commonest  causal  agent 
of  cutaneous  inflammations,  especially  those  which  are  associated  with 
suppuration,  and  it  is  very  frequently  met  with  in  acute  osteo-myelitis, 
in  acute  abscesses  in  anv  situation,  and  in  ulceration  of  the  cardiac 
valves. 

This  sta^jhylococcus  may  give  rise  to  general  infection  and  lead  to 
a  condition  of  pytemia,  though  fortunately  this  result  is  relatively 
uncommon  considering  the  enormous  frequency  of  local  inflammatory 
processes  in  which  this  organism  is  the  causal  agent. 

While  the  attempt  to  obtain  a  satisfactory  antitoxin  for  the  treat- 
ment of  staphylococcal  infection  has  at  present  yielded  no  results  of 
practical  value,  the  use  of  staphylococcus  vaccine  in  local  infection, 
and  especially  in  cutaneous  suppurations,  appears  in  many  cases  to 
have  l)een  attended  with  remark'able  success. 

Staphylococcus  pyogenes  albus.  —  This  organism  is 
closely  similar  to  the  Staphylococcus  fyogenes  aureus.  It  is  distin- 
guishable from  the  latter  neither  by  its  biological  characters,  nor  by 
its  distribution,  nor  even  by  its  pathogenetic  action,  but  only  by  its 
lack  of  pigmentation,  and  possibly  also  at  times  by  its  failure  to 
produce  liquefaction  of  gelatin.  On  solid  culture  media  it  presents 
itself  as  an  opaque  white  slimy  growth. 

Staphylococcus  epidermidis  albus  (Welch).  —  This 
staphylococcus  is  commonly  present  on  the  human  skin.  It  is  only 
very  slightly  virulent,  and  liquefies  gelatin  either  very  slowly  or  not 
at  all.  It  is  believed  to  be  the  usual  causal  agent  in  producing  small 
stitch  abscesses.  Not  improbably  it  is  merely  an  attenuated  form  of 
the  ordinary  white  sta])livlococcus  pyogenes. 

Staphylococcus  pyogenes  citreus.  —  Indistinguishable 
from  the  variety  aureus  except  by  its  lemon-yellow  pigmentation. 
It  is  only  seldom  found,  but  a  non-virulent  saprophvtic  organism 
often  met  with — the  jMicrococcus  flavus — may  easily  be  mistaken  for 
it.  This  organism  is,  however,  distinguished  from  the  staphylococcus 
citreus  by  the  fact  that  it  does  not  coagulate  milk,  and  onh'  liquefies 
gelatin  very  slowly. 

Staphylococcus  cereus  albus  and  Staphylococcus 
cereus  flavus. — These  are  n.uch  less  common  and  less  virulent 
than  the  other  members  of  the  group.  Thev  are  distinguished  by 
the  wax-like  growth  which  they  produce,  and  by  the  fact  (hat  they 
do  not  liquefy  gelatin.  They  may  be  met  with  along  with  other 
staphylococci  in  suppurative  conditions,  but  they  are  probably  only 
present  in  these  cases  as  saj^rophytes. 
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Micrococcus  catarrhalis. — This  organism  is  closely  similar 
to  the  staphylococci,  but  is  slightly  larger,  and  often  assumes  a 
diplccoccal  form.  It  grows  on  agar  in  the  form  of  small  greyish 
colonies,  and  it  does  not  liquefy  gelatin.  Unless  transplanted  every 
second  or  third  day  it  speedily  dies  out  in  cultivation.  It  is  Gram- 
negative. 

It  has  been  isolated  in  a  number  of  cases  of  bronchitis  and  broncho- 
pneumonia which  otherwise  presented  the  appearance  of  a  mild 
"  influenza,"  and  it  has  also  frequently  been  found  in  whooping- 
cough. 

Micrococcus  tetragenus  (Plate  2,  Fig,  3). — The  31  icrococcus 
tetragenus  was  discovered  by  Gafiky,  and  is  distinguished  by  its  habit 
of  dividing  in  two  planes  at  right  angles  to  each  other,  thus  giving 
rise  to  the  appearance  of  groups  of  four,  or  tetrads.  The  organism 
possesses  a  definite  capsule  when  found  in  the  animal  body,  but  loses  it 
in  artificial  media.  It  is  non-flagellated  and  non-motile.  It  is  Gram- 
positive.  By  the  counterstaining  of  a  Gram-preparation  with  eosin 
the  capsule  can  be  well  shown. 

The  organism  grows  aerobically  on  all  ordinary  media  as  a  porcelain- 
white,  shiny,  tenacious  film  ;  it  does  not  hquefy  gelatin,  and  its  growth 
in  bouillon  appears  as  a  very  slight  turbidity  near  the  surface  with  a 
copious  and  tenacious  slimy  deposit.  The  micro-organism  is  patho- 
genetic for  small  laboratory  animals,  and  especially  so  for  mice. 
It  is  doubtful  whether  it  is  ever  in  itself  definitely  pathogenetic  for 
man,  but  it  is  frequently  met  with  as  a  secondary  infection  in  suppura- 
tion in  and  about  the  respiratory  passages,  especially  in  the  lung  cavities 
of  phthisis. 

Sarcina. — The  term  sarcina  is  applied  to  a  large  group  of  micro  - 
cocci  which  are  distinguished  by  their  somewhat  large  size,  and  by 
their  habit  of  multiplying  by  division  in  three  directions  mutually 
at  right  angles,  thus  giving  rise  to  packets  of  eight  cocci  having  usually 
a  very  characteristic  appearance  under  the  microscope.  They  are 
non-motile  and  have  no  flagella.  They  stain  well  with  ordinary  basic 
aniline  dyes.    They  are  Gram-positive. 

It  is  doubtful  whether  any  of  them  are  pathogenetic  for  man. 
though  several  varieties  have  been  isolated  from  the  human  body,  and 
named  accordingly  S.  ventriculi,  S.  fulmonum,  and  so  on. 

Many  of  them  are  strikingly  pigmented  organisms,  and  diflerent 
varieties  exhibit  white,  yellow,  orange,  lemon,  brown,  red  (a  whole 
series),  and  violet  coloration. 

They  grow  very  readily  on  all  the  ordinary  media,  presenting  on 
an  agar-slope  a  thick,  raised,  moist,  and  shiny,  paint-like  streak  of 
the  appropriate  colour.  Many  of  them  liquefy  gelatin  rather  freely, 
though  a  few  possess  no  such  peptonizing  action.    In  bouillon  they 
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produce  a  very  copious  sediment,  the  fluid  remaining  in  some  cases 
clear,  in  others  exhibiting  a  uniform  turbidity. 

They  are  only  likely  to  be  met  with  by  the  surgeon  either  in  stomach 
contents,  in  the  air-passages,  or  in  the  ffeces,  and  will  readily  be  dis- 
tinguished from  pathogenetic  forms  by  microscopical  examination 
alone. 

Besides  the  forms  already  mentioned,  S.  lutea,  S.  aurantiaca  (Plate 
2,  Fig.  4),  *S'.  fiava,  S.  cervvna,  and  8.  fusca  may  occasionally  be  found 
in  th(!  alimcntai-y  ca.iial  or  the  respiratory  tract. 

Streptococcus  pyogenes  (Plate  3,  Figs.  1  and  2). — Koch 
and  Ogston  were  tiie  first  to  draw  a  clear  distinction  between  the 
streptococci  and  the  staphylococci.  In  this  country  the  latter  observer 
carried  out  a  careful  study  of  their  connexion  with  suppurative  con- 
ditions, and  indeed  laid  the  first  foundations  for  the  scientific  study 
of  the  pyogenetic  cocci.  He  showed  that  while  the  "cluster"  cocci 
were  more  commonly  associated  with  localized  suppurations,  the 
"  chaplet "  or  chain  cocci  were  usually  associated  with  spreading 
inflammations  and  phlegmonous  conditions.  Pure  cultures  of  strep- 
tococci were  first  obtained  by  Fehleisen  and  Rosenbach,  who  thus 
opened  the  way  for  the  exact  experimental  investigation  of  their 
pathogenetic  action. 

The  Streptococcus  fyorjenes  is  a  rounded  coccus  about  1  /x  in 
diameter,  arranged  in  longer  or  shorter  chains  of  from  3  or  4  to  as 
many  as  .50  individuals.  Along  with  the  chains  are  numerous  dijjlo- 
cocci  and,  it  may  be,  a  number  of  isolated  cocci.  The  longest  chains 
are  met  with  in  cultures  made  in  fluid  media.  A  variety  of  the  organism 
which  in  fluid  media  forms  very  long  chains  will,  when  cultivated  upon 
solid  media  or  when  found  growing  in  the  body  fluids,  usually  be 
observed  to  present  only  quite  short  ones.  The  organism  is  frequently 
somewhat  flattened  from  side  to  side  where  it  is  in  contact  with  its 
neighbours  in  the  chain.  It  is  non-motile  and  has  no  flagella.  A\'hen 
growing  in  the  animal  body  some  strains  of  streptococci  present  a 
well-marked  capsule. 

The  streptococcus  stains  readily  with  all  the  ordinary  basic  aniline 
dyes  both  in  wet  preparations  and  in  dried  films.  It  is  Gram-positive 
(but  Gram-negative  forms  are  sometimes  found). 

It  is  aerobic,  and  a  facultative  anaerobe.  Its  optimum  temperature 
is  about  37°  C,  and  its  limits  of  growth  from  12°-15°  C.  to  about 
42"  C. 

In  bouillon  at  37°  C.  the  growth  frequently  appears  in  the  form  of 
tiny  granules  in  a  clear  fluid,  the  granules  falling  to  the  bottom  to 
form  a  fine  deposit.  In  other  cases  small  spherical  masses  of  growth 
are  formed  (S.  corujlouieratus) ,  or  flocculi,  and  sometimes  there  is  a  more 
or  less  uniform  turbidity.    These  differences  depend  in  a  great  degree 


54 


SURGICAL  BACTERIOLOGY 


both  on  the  length  of  the  chains  and  on  the  extent  to  wliich  these 
chams  become  coiled. 

In  a  gelatin-stab  (at  22°  C.)  growth  takes  place  rather  slowly,  and 
at  this  temperatnre  the  medium  is  not  jjeptonized  by  the  culture. 
Growth  appears  along  the  stab  in  the  form  of  a  series  of  small  rounded 
colonies  wJiich  afterwards  become  fused.  Very  little  if  any  surface 
growth  occurs.  On  the  surface  of  agar  there  are  formed  a  number 
of  tiny,  delicate-looking,  greyish  colonies,  which  are  somewhat  trans- 
lucent. Even  when  few  in  number  the  colonies  never  reach  any  con- 
siderable size,  and  Avhen  they  are  numerous  and  thickly  set  they  do 
not  completely  fuse.    On  potato,  usually,  no  visible  growth  occurs. 

In  cultm'e  niany  minor  variations  appear,  and  some  of  them  have 
been  made  use  of  in  attempts  to  devise  a  definite  classification  of  strep- 
tococci. Thus  the  fermentation  tests  introduced  by  Gordon  have  been 
applied  by  Andrewes  and  Horder  to  distinguish  six  main  varieties  of 
this  micro-organism.  But  into  these  details  it  is  not  necessary  to  enter 
here.  On  the  whole  it  may  be  stated  that  the  long-chained  forms 
will  be  found  to  be  more  virulent  than  the  shorter  ones.  The  strep- 
tococci are  delicate  in  culture,  and  imless  transplanted  will  usually  die 
out  in  from  two  or  three  days  to  about  a  fortnight.  But  if  dried  up, 
as,  for  example,  in  dried  pus  and  other  discharges,  they  can  survive  and 
retain  their  virulence,  at  any  rate  for  months.  Some  strains  can  resist 
a  temperature  of  60°  C.  for  an  hour  or  more,  but  they  are  killed  by  an 
exposure  to  70°  C.  for  the  same  period.  A  3  per  cent,  carbolic-acid 
solution  kills  the  organism  within  a  few  minutes. 

Different  streptococci  ferment  solutions  of  various  sugars  in  different 
degrees  with  a  production  of  carbonic-acid  gas.  They  also  produce  lactic 
acid,  and  several  acids  of  the  fatty-acid  series  (formic,  acetic,  etc.). 
Specific  toxins  have  not  been  isolated  from  their  cultures,  but  toxic 
albumoses,  hfemolytic  substances,  and  other  poisonous  bodies  are 
found  in  bouillon  ciiltures  of  the  organism. 

Rabbits  and  mice  are  the  laboratory  animals  most  susceptible  to 
the  action  of  streptococci,  but  to  produce  pathological  effects  a  rela- 
tively large  anioimt  must  be  inoculated.  By  passage  through  a  series 
of  animals  the  virulence  of  a  streptococcus  for  that  particular  animal 
(e.g.  the  mouse)  can  be  enormously  increased. 

An  animal  dying  of  experimental  streptococcus  infection  will 
usually  exhibit  a  local  inflammation  and  perhaps  an  abscess  at  the 
site  of  inoculation,  enlargement  of  the  spleen,  and  a  condition  of  general 
septicsemia.  If  death  has  been  delayed  for  several  days,  metastatic 
abscesses  will  probably  be  found  in  many  organs. 

In  man  the  distribution  of  the  organisms  is  in  some  ways  similar  to 
that  of  the  staphylococci.  There  is,  however,  usually  a  greater  virulence 
in  the  infection,  and  a  marked  tendency  to  the  production  of  spreading 
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inflammations,  as,  for  example,  erysipelas  and  spreading  cellulitis. 
Tlie  streptococci  are  the  common  causal  agents  of  puerperal  as  well 
as  of  other  septicfemias,  and  localized  infections  with  these  organisms  are 
peculiarly  liable  to  spread,  and  very  frequently  result  in  general  infec- 
tion. The  streptococci  are,  moreover,  a  frequent  cause  of  secondary 
infections  in  specific  diseases  sucli  as  diphtheria  and  tuberculosis. 

By  inoculating  horses  with  increasing  doses  of  streptococci  a  number 
of  antistreptococcic  serums  have  been  prepared.  Experience  is  still 
insufficient  to  enable  any  just  conclusion  to  be  reached  as  to  their  value 
in  the  streptococcal  infections.  But  very  many  successful  results 
have  been  recorded,  especially  where  polyvalent  serums  have  been 
employed.  In  scarlet  fever  and  in  acute  rheumatism  particularly 
good  results  have  been  obtained  by  foreign  observers. 

Pneumococcus  (Streptococcus  lanceolatus.  Diplo- 
coccus  pneumoniae). — This  organism  (Plate  3,  Fig.  3,  and 
Plate  4,  Fig.  1)  was  first  obterved  by  Pasteur  in  the  sputum  of  a  case 
of  rabies.  He  prepared  pure  cultures  and  showed  that  they  pro- 
duced septicpemia  in  rabbits.  Talamon  discovered  a  similar  coccus  in 
the  exudation  of  croupous  pneumonia,  and  shortly  after  Frankel 
proved  the  identity  of  the  two  micro-organisms  in  question.  In 
the  following  year  (1886)  Frankel  and  Weicliselbaum  succeeded  in 
clearly  establishing  the  position  of  the  organism  as  the  common  cause 
of  croupous  pneumonia  in  the  human  subject.  The  organism  is  a 
rounded,  usually  somewhat  lanceolate,  paired  coccus,  having  a  dia- 
meter of  about  1  /X.  It  frequently  appears  in  the  form  of  short 
chains  of  four  to  six  individuals  when  found  in  the  body  fluids, 
and  in  bouillon  culture  it  may  be  quite  indistinguishable  from  a  strep- 
tococcus. In  the  dijjlococcal  form  the  sides  facing  each  other  are  often 
flattened,  the  outer  sides  being  shaped  like  lancet  points,  and  hence 
the  organism  is  termed  "  lanceolate."  In  the  body  fluids  it  usually 
presents  a  well-marked  capsule,  but  this  is  absent  when  it  is  grown  in 
bouillon,  and  very  frequently  also  in  the  case  of  other  artificial  media. 
It  is  non-motile,  and  has  no  flagella.  It  stains  well  with  ordinary 
basic  aniline  dyes.  It  is  Gram-positive,  and  in  Gram-preparations 
the  capsule  can  be  counterstained  bv  eosin. 

It  is  aerobic,  and  a  facultative  anaerobe.  Its  optimum  tempera- 
ture is  about  37°  C,  and  its  limits  of  growth  are  from  about  24°  C.  or 
2.-/  C.  to  42°  C. 

In  artificial  culture  it  is  very  similar  to  the  streptococcus  pyogenes, 
but  more  delicate.  In  bouillon,  growth  appears  as  a  faint  turbidity 
with  a  slight  powdery  deposit  at  the  foot  of  the  tube.  Lactic  acid  is 
produced.  In  specially  prepared  gelatin  {It]  to  20  per  cent.)  which 
remains  solid  up  to  2.5°  C,  small,  rounded,  gTcyish,  separate  colonies 
appear  along  the  stab.    There  is  no  surface  growth.    On  the  surface 
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of  agar  or  blood-serum  the  culture  exhibits  a  scarcely  visible  film  of 
tiny  discrete  and  translucent  colonies  like  minute  dewdrops.  Milk 
is  usually  coagulated.    On  potato  visible  growth  does  not  occur. 

Blood-agar  is  the  most  convenient  medium  for  continued  culture, 
especially  if  the  virulence  is  to  be  maintained.  The  addition  of  from 
^  to  1  per  cent,  of  glucose  to  the  ordinary  media  causes  a  very 
rapid  and  abundant  growth  of  the  pneumococcus,  which,  however, 
very  quickly  dies  out  under  these  conditions  unless  transplanted 
daily.  On  all  media  the  organism  dies  out  in  a  few  days  if  not  trans- 
planted, and  it  soon  loses  virulence,  except  in  blood-agar  cultures, 
unless  it  is  frequently  passed  through  the  body  of  a  susceptible  animal. 

It  is  killed  by  heating  for  ten  minutes  at  52°  C.  in  a  fluid  medium, 
and  by  1-20,000  corrosive  sublimate  solution  within  two  hours. 

The  organism  has  a  remarkably  powerfid  hasmolytic  action  on  red 
corpuscles,  and  produces  toxic  bodies  of  an  unknown  character.  It 
is  extremely  pathogenetic  for  the  rabbit  and  the  mouse,  but  very 
slightly  so  for  guinea-pigs  and  rats.  Pigeons  and  other  fowl  are  quite 
immune. 

In  the  susceptible  animals  there  is  usually  comjiaratively  little 
local  reaction,  since  a  condition  of  septicaemia  is  rapidly  produced, 
and  the  animal  dies  in  the  course  of  one  or  two  days.  Post-mortem, 
the  spleen  is  very  large  and  hard,  and  the  blood  contains  large  numbers 
of  the  micro-organisms.  If  an  attenuated  culture  be  employed,  and 
death  be  delayed,  there  may  be  a  development  of  marked  local  in- 
flammation with  abscess-formation  or  a  phlegmonous  condition,  and 
an  extensive  fibrinous  exudation. 

In  man  the  organism  is  frequently  present  in  the  healthy  mouth 
and  pharynx.  LTnder  suitable  conditions  it  may  gain  entrance  in  the 
lung  and  there  produce  lobar  pneumonia.  It  can  usually  also  be 
isolated  from  the  secondary  complications  of  this  condition,  such  as 
empyema,  pericarditis,  endocarditis,  and  meningitis.  It  is  a  not 
infrequent  cause  of  acute  peritonitis,  but  the  patients  usually  recover  if 
operated  on  early,  in  marked  contrast  with  cases  of  peritonitis  caused 
by  streptococci.  This  fact  enhances  the  importance  of  an  accurate 
bacteriological  diagnosis.  The  infection  often  reaches  the  peritoneum 
from  the  vermiform  appendix,  but  in  a  number  of  cases  spreads  to  it 
through  the  diaphragm  from  the  pleural  cavity. 

Antipneumococcic  serums  have  been  prepared  by  several  investi- 
gators, but  they  are  unfortunately  at  present  still  of  very  doubtful 
therapeutic  value. 

Diplococcus  intracellularis  meningitidis  (meningo- 
coccus).— This  organism  (Plate  4,  Fig.  2)  was  first  described  by 
Weichselbaum  from  a  number  of  oases  of  epidemic  cerebro-spinal 
meningitis,  and  is  now  generally  admitted  to  be  the  cause  of  that 


Fig.  1. — Pneumococcus  in  sputum,  growing  in 
chains.    Stained  by  Gram*s  metliod.  750. 
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Fig.  2. — Meningococcus  from  pure  culture.  Stained 
with  carbol-fuchsin.  1,200. 


Fig.  3.— Gnncicoccus  id  pus  ironi  aci'tc  gonorrhoea. 
Stained  with  neutral  red.     .\  750, 


Plate  4. 


Fig.  1. — Bacillus  anthracis  from  pure  culture,  showing  commencing 
sporulation.    Stained  with  methylene  blue,    X  750. 


Fig.  2. — Bacillus  anthracis  in  scraping  from  spleen. 
Stained  by  Gram's  method.    X  750. 


Fig.  3. — Bacillus  anthracis  in  section  of  liver.  Stained 
by  Gram's  method.    X  500. 


Plate  5. 
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disease.  It  is  most  commonly  found  within  tlie  cells  of  the  inflam- 
matory exudate,  and  hence  has  obtained  the  name  "  intracellularis." 

The  coccus  varies  remarkably  in  size  even  in  the  same  culture, 
but  on  an  average  its  diameter  is  0-5-1  jx.  It  usually  appears  in  the 
form  of  a  diplococcus,  but  may  at  times  bs  found  occurring  in  tetrads. 
In  the  diplococcal  arrangement  the  neighbouring  sides  of  the  two 
■cocci  are  considerably  flattened,  and  the  organisms  have  the  shape 
of  coffee-beans,  in  this  respect  resembling  the  gonococcus.  It  is  non- 
capsulated, non-flagellated,  and  non-motile.  It  stains  readily  with 
ordinary  basic  aniline  dyes,  but  different  individuals  in  the  same 
film  stain  very  differently.  Usually  the  larger  and  the  smaller  cocci 
are  only  feebly  stained,  while  those  of  average  size  stain  very  deeply. 
It  is  Gram-negative. 

The  organism  is  not  always  easy  to  cultivate,  but  usually  grows 
fairly  well  on  the  ordinary  media  at  37^0.  It  is  aerobic,  and  will  not 
grow  in  the  absence  of  oxygen.  It  develops  much  more  freely  on 
the  addition  of  glucose  (2  per  cent.)  to  the  media,  and  grows  even 
better  on  the  surfaca  of  serum-agar.  In  bouillon  it  produces  a  slight 
turbidity,  and  exhibits  a  tendency  to  form  a  surface  pellicle.  A  small 
■deposit  appears  at  the  foot  of  the  tube. 

In  gelatin  at  22°  C.  no  growth  occurs.  On  an  agar-slope  there  is 
a  fair  growth  of  small,  greyish,  shiny  colonies  which  sometimes  gradually 
assume  a  yellowish  tinge.  In  a  stab-culture,  growth  appears  along 
the  track  of  the  needle,  decreasing  rapidly  from  above  downwards, 
and  there  is  a  free  growth  on  the  surface  round  the  point  of  puncture. 
This  latter  feature  is  of  value  as  a  distinguishing  character  between 
this  organism  and  the  streptococcus  and  pneumococcus  ;  it  is,  however, 
shared  by  the  gonococcus. 

On  serum-agar,  growth  is  much  richer  than  on  a  simple  agar-slope, 
and  within  24  hours  colonies  may  reach  a  diameter  of  2-4  mm. 

The  organism  grows  well  in  milk,  and  does  not  cause  coagulation 
of  the  casein.  It  usually  also  grows  fairly  well  on  the  surface  of  potato 
at  37°  C,  and  after  some  days  develops  a  distinctly  yellowish-brown 
hue.  Its  optimum  temperature  is  about  37°  C,  and  its  limits  of 
growth  are  from  25°  C.  to  42°  C.  It  is  killed  by  heating  at  65°  C.  for 
half  an  hour,  or  by  a  few  minutes"  exposure  at  80°  C.  It  is  extremely 
sensitive  to  drying,  and  also  to  the  action  of  formalin  in  weak 
solutions  (1-20,000).  In  artificial  culture  it  dies  out  very  rapidly 
unless  transplanted  at  least  once  a  day. 

It  is  only  slightly  pathogenetic  for  animals  ;  but  several  observers 
liave  succeeded  in  producing  cerebro-spinal  meningitis  in  the  goat  and 
monkey  by  inoculating  cultures  into  the  spinal  canal. 

In  the  human  subject  it  is  found  in  cases  of  the  disease  in  the  pus 
which  covers  the  meninges  and  in  the  fluid  taken  by  a  lumbar  puncture. 
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It  is  therefore  of  the  very  greatest  importance  in  cases  of  doubtful 
meningeal  symptoms  tliat  a  diagnostic  lumbar  pvmcture  should  be 
carried  out,  and  the  fluid  carefully  examined  for  bacteria. 

Gonococcus  (Micrococcus  gonorrhoeae).  —  This  coccus 
(Plate  4,  Fig.  3)  was  first  described  by  Neisser  in  1879,  and  was  shown 
by  him  to  be  the  causal  agent  of  gonorrhoeal  infections,  whether  of 
the  urethra  or  of  the  conjimctiva.  Pure  cultures  were  first  obtained 
b}^  Bumm  on  coagulated  Imman  blood-serum,  and  tliis  observer  clearly 
proved  the  specificity  of  the  organism  by  inoculation  upon  the  urethra 
of  man. 

The  micro-organism  is  a  diplococcus  very  similar  in  appearance 
to  the  Diplococcus  intracellularis  meningitidis,  the  single  individuals 
having  a  bean-shaped  outline  and  being  flattened  from  side  to  side 
where  they  face  each  other.  The  pair  of  cocci  measures  0"8-r6 
in  its  long  diameter,  by  0'6-0'8  /a  in  width.  About  one-fifth  of 
the  long  diameter  represents  the  space  between  the  two  members 
of  the  diplococcus. 

The  gonococcus  is  non-motile,  and  has  no  flagella,  nor  does  it 
possess  a  capsule. 

It  stains  well  with  aqueous  solutions  of  the  ordinary  basic  aniline 
dyes,  especially  weak  fuchsin,  and  particularly  well  with  neutral  red. 
An  excellent  method  is  to  add  a  little  neutral  red  to  a  small  drop  of 
fresh  gonorrhoeal  pus  upon  a  slide,  and  examine  wet  after  placing  a 
cover-glass  upon  the  drop.  The  intracellular  cocci  are  deeply  stained, 
but  the  extracellular  ones  remain  practically  unstained  ;  the  former 
are  therefore  much  more  readily  detected  than  in  dried  films  even  when 
they  are  only  very  few  in  number.    The  organism  is  Gram-negative. 

It  is  aerobic,  and  a  facultative  anaerobe.  It  is  difiicult  to  grow, 
and  dies  out  very  rapidly  unless  transplanted  daily.  No  growth  occurs 
in  ordinary  bouillon  or  gelatin,  but  cultures  are  readily  obtained  on 
solidified  human  blood-serum,  or  better  on  the  surface  of  serum-agar 
(1  part  of  serum  to  2-3  parts  of  agar)  at  36°  C.  to  37°  C.  In  24  hours 
there  appear  a  number  of  small  colonies  about  the  size  of  a  pin's 
head,  of  a  light-grey  colour,  more  or  less  translucent,  and  of  a  very 
slimy  and  tenacious  consistency.  The  colonies  always  remain  discrete, 
and  never  fuse  together  into  a  continuous  film.  As  the  colonies  get 
older  they  may  assume  a  slightly  yellowish  tinge  by  reflected  light, 
but  at  this  stage  the  cocci  are  already  for  the  most  part  dead. 

In  ascites-bouillon  (ascitic  fluid  1  part,  bouillon  2  parts)  growth 
occurs  in  the  form  of  a  fine  wrinkled  pellicle  with  a  few  flocculi  deposited 
at  the  foot  of  the  tube,  the  fluid  remaining  clear  and  free  from  growth. 

On  ordinary  agar,  cultures  can  be  obtained  if  the  medium  is  made 
just  definitely  alkaline  to  litmus,  but  the  growth  is  less  copious  than 
on  the  special  media  already  mentioned. 
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Tlie  optimum  temperature  is  36°-37°  C,  and  the  limits  of  growth 
from  30°  C.  to  about  40°  C.  The  organism  is  destroyed  in  a  few  hours 
by  exposure  to  a  temperature  of  42°  C.  It  dies  out  quickly  in  culture 
if  not  frequently  transplanted,  and  is  jaarticularly  sensitive  to  lack 
of  moisture,  so  that  when  dried  up  it  succumbs  within  an  hour  ;  but 
in  a  moist  condition  it  may  remain  alive  and  virulent  for  as  long  as 
24  hours,  as  for  example  in  the  water  of  a  bath. 

It  is  very  quickly  destroyed  by  almost  all  the  usual  antiseptics, 
and  especially  by  various  silver  salts.  A  1-4,000  solution  of  silver 
nitrate  kills  it  within  10  minutes. 

The  organism  produces  toxic  symptoms,  but  little  of  importance 
has  been  definitely  ascertained  with  regard  to  the  nature  of  the 
toxins  themselves,  though  there  is  little  doubt  that  they  are  intra- 
cellular in  character,  and  are  only  liberated  by  the  disintegration  of 
the  organism. 

The  gonococcus  is  practically  non-pathogenetic  for  animals,  though 
])y  the  inoculation  of  very  large  amounts  a  localized  and  temporary 
inflammation  may  be  produced.  In  man  it  is  the  cause  of  acute 
gonorrhoea,  as  well  as  of  the  secondaiy  manifestations  of  this  disease. 
In  the  acute  form  of  the  urethral  infection  the  organism  is  present  in 
large  numbers  in  the  pus,  and  especially  within  the  cells  themselves, 
both  in  the  leucocytes  and  in  the  desquamated  epithelium  in  the  early 
stages  of  the  disease.  In  treated  individuals  and  in  chronic  cases  the 
cocci  are  chiefly  extracellular,  and  very  few  indeed  may  be  found  within 
the  cells. 

The  infection  usually  remains  localized  in  the  genito-iirinary  tract. 
It  may  invade  the  posterior  urethra  in  the  male,  or  tlie  uterus  and 
Fallopian  tubes  in  the  female  subject.  In  children  tlie  vagina  itself 
is  also  sensitive  to  gonorrhoeal  infection,  though  hardly  ever  infected 
in  the  adult.  The  organism  sometimes  reaches  the  blood-stream,  and 
may  then  produce  a  gonorrhccal  rheumatism  by  setting  up  secondary 
foci  of  infection  in  the  joints,  or  it  may  actually  occasion  general  septi- 
CcTcmia  with  acute  endocarditis  and  other  lesions. 

According  to  Neisser,  no  immunity  is  developed  in  the  course  of 
any  gonorrhceal  infection,  whether  localized  or  general. 

2.  BACILLI 

Bacillus  anthracis  (Plate  5). — This  organism  was  first  ob- 
served by  PoUender  in  1849,  in  the  blood  of  animals  which  had  died 
of  anthrax.  It  was  named  by  Davaine,  who  showed  that  the  blood 
from  anthrax  cases  produced  the  disease  in  other  animals  only  when 
this  bacillus  was  present.  In  1876,  Koch  obtained  it  in  pure  culture 
and  described  its  morphological  and  cultural  characters  in  detail.  By 
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inoculating  animals  with  pure  cultures  he  established  its  specificity, 
and  his  results  were  confirmed  by  the  work  of  Pasteur.  Pasteur,  more- 
over, introduced  the  practice  of  vaccinating  animals  with  attenuated 
cultures  of  the  micro-organism  as  a  protective  measure  against  the 
natural  disease. 

Owing  to  its  large  size,  its  spore-formation,  and  the  ease  with 
which  it  is  cultivated,  it  has  been  very  widely  employed  in  the  study 
of  the  general  problems  of  bacteriology. 

The  organism  is  by  far  the  largest  of  the  pathogenetic  bacilli,  and 
measures  3-10  or  more  long,  by  1-1-5  yu.  in  width.  Its  ends  are 
usually  square  and  sharply  cut,  but  they  may  at  times  be  even  slightly 
concave.  In  culture  it  grows  out  into  filaments  of  indefinite  length 
which  are  composed  of  separate  individuals  linked  together  so  as  to 
form  a  characteristic  streptobacillus.  But  in  the  body  of  an  infected 
animal  it  is  rarely  seen  in  chains  of  more  than  three  or  four,  and 
usually  occurs  as  single  or  paired  rods. 

It  has  no  flagella,  and  is  not  motile.  It  is  capsulated  when  obtained 
from  tissue  fluids.  In  culture  on  artificial  media,  but  not  in  the  living 
body  of  an  animal,  it  produces  spores  which  are  of  oval  shape,  highly 
refractile,  and  usually  placed  centrally  within  the  bacillus.  The  spore 
does  not  expand  the  rod  or  change  its  contour.  Spore-formation  only 
occurs  in  the  presence  of  oxygen. 

The  bacillus  stains  well  with  watery  solution  of  the  ordinary  basic 
aniline  dyes.  In  suitable  preparations  the  spores  can  easily  be  differ- 
entiated by  staining  with  carbol  fuchsin,  decolorizing  with  weak  acid, 
and  counterstaining  with  malachite  green  according  to  the  method 
already  described  (p.  41).  The  spores  are  stained  red,  and  the  bacteria 
themselves  are  gxeen.    The  bacillus  is  Gram-positive. 

In  examining  blood-films  or  pus  for  this  organism  it  is  advisable 
to  stain  by  Gram,  and  counterstain  with  watery  eosin. 

The  organism  is  aerobic,  but  can  grow  slowly  under  anaerobic 
conditions.  It  grows  luxuriantly  on  the  ordinary  media  in  the  presence 
of  oxygen. 

In  bouillon  it  produces  a  stringy,  cotton-wool-like  mass  of  growth 
which  lies  at  the  bottom  of  the  tube,  leaving  the  fluid  clear. 

In  a  gelatin-stab  there  is  a  disc  of  growth  upon  the  surface,  and  a 
continuous  line  along  the  stab  showing  lateral  offshoots  and  presenting 
an  appearance  frequently  described  as  resembling  an  inverted  pine-tree. 
This  so-called  "  spiking  "  may  be  absent  in  old  laboratory  strains,  but 
reappears  at  once  if  the  bacillus  be  passed  through  an  animal  or  once 
transplanted  to  the  surface  of  blood  agar.  After  some  days  the  gelatin 
tube  exhibits  a  marked  cone  of  liquefaction. 

On  the  surface  of  an  agar-slope  there  is  formed  a  pearly-greyish, 
rather  glistening  film  of  a  granular  appearance,  while  isolated  colonies 
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show  a  wavy  outline.  The  growth  is  very  slimy  and  tenacious.  Under 
a  lov/  power  of  the  microscope  the  growing  edge  exhibits  closely  set 
parallel  threads  of  wavy  growth  like  wet  cotton-wool,  often  described 
as  resembling  maiden's  hair  or  "  Gorgon  locks." 

On  potato  the  bacillus  forms  a  copious,  grey-white,  dryish,  dense 
and  elevated  layer,  and  spore-forxnation  takes  place  very  freely. 

Milk  is  coagulated  in  an  alkaline  medium,  and  the  coagulum  is 
subsequently,  though  only  slowly,  peptonized.  Coagulated  blood- 
serum  is  slowly  liquefied. 

The  optimum  temperature  of  this  bacillus  is  about  3j  '  C,  and  its 
limits  of  growth  from  12°  C.  to  45°  C.  The  bacilli  themselves  are  rela- 
tively little  resistant,  and,  in  the  absence  of  spores,  are  killed  by  an 
exposure  of  about  an  hour  to  a  temperature  of  53°  C,  and  in  less  than 
10  minutes  at  65°  C.  The  spores,  however,  possess  considerable  re- 
sistance both  against  heat  and  drying.  They  may  even  survive  five 
minutes'  boiling,  but  are  killed  with  certainty  in  from  15  to  2l)  minutes 
at  100°  C.  When  dried,  the  spores  will  live  for  many  months.  Corrosive 
sublimate  solution  1-1,000  will  generally  kill  them  within  an  hour, 
and  carbolic  acid  in  5  per  cent,  solution  kills  them  in  1  to  2  hours 
at  a  temperature  of  55°  C,  but  it  requires  more  than  10  days  at  the 
room  temperature.  The  action  of  corrosive  sublimate,  on  the  other 
hand,  is  practically  independent  of  the  temperature  within  the  same 
limits. 

Although  a  number  of  observers  have  endeavoured  to  isolate  the 
special  toxic  products  of  the  anthrax  bacillus  both  from  its  cultures 
and  from  the  bodies  of  animals  which  have  died  of  this  infection,  yet 
the  existence  of  a  specific  anthrax  toxin,  whether  intracellular  or 
extracellular,  still  lacks  satisfactory  proof.  The  various  poisonous 
substances  which  have  been  isolated  by  different  investigators  do  not 
appear  to  possess  specific  properties,  and  do  not  on  injection  lead  to 
the  development  of  immunity  against  anthrax.  This  is  the  more  re- 
markable since  many  of  the  features  of  the  disease  itself  point  to  the 
action  of  a  specific  toxin,  which  probably  belongs  to  the  intracellular 
variety. 

Grown  in  solutions  of  pure  proteins,  the  organism  produces  various 
albumoses,  as  was  shown  by  Sidney  Martin,  and  it  develops  an  alkaline 
reaction  in  the  medium,  which  he  attributed  to  the  formation  of  a 
specific  alkaloidal  substance.  On  injection  into  animals  the  albu- 
moses caused  pyrexia,  while  the  alkaloidal  substance  gave  rise  to  a 
condition  of  local  hyperaemia  and  oedema,  and  led  to  the  death  of  the 
animal  concerned.  Boiling  destroyed  the  action  of  the  albumoses, 
but  not  that  of  the  alkaloidal  bod}^  Martin  obtained  similar  substances 
from  the  bodies  of  animals  which  had  died  from  anthrax  infection,  and 
accordingly  concluded  that  they  represented  the  true  anthrax  toxins. 
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Marmier  isolated  what  lie  regarded  as  the  anthrax  toxin  from 
glycerine-peptone-water  cultures  of  the  bacillus  grown  at  20°  C,  and 
claimed  that  by  its  injection  into  animals  in  appropriate  doses  a 
development  of  immunity  could  be  evoked  and  antitoxin  produced. 
According  to  Sobernheim,  however,  the  bulk  of  evidence  is  un- 
favourable to  these  conclusions,  and  it  must  be  admitted  that  the 
pathology  of  anthrax  intoxication  is  at  present  net  at  all  clearly 
understood. 

The  disease  is  one  which  arises  epidemically  among  cattle,  sheep, 
and  horses,  and  in  some  countries  it  is  probably  always  endemic.  In 
man  the  infection  is  almost  invariably  obtained  either  from  the  carcases, 
the  hides,  or  the  wool  and  hair  of  animals  which  have  died  of  the 
disease.  It  appears  in  various  forms,  of  which  the  commonest  is  the 
so-called  malignant  pustule,  but  it  may  assume  a  pulmonary  form 
(wool-sorters'  disease)  due  to  infection  of  the  respiratory  passages, 
or  even  give  rise  to  intestinal  infection.  A  number  of  intestinal  cases 
have  been  noted  among  workers  with  horse-hair,  who  were  accustomed 
to  bite  off  the  ends  of  the  hair  with  wliich  they  worked.  In  these, 
as  in  the  great  majority  of  cases,  the  infection  is  transmitted  by  the 
dried  spores. 

Of  the  ordinary  laboratory  animals,  rabbits,  guinea-pigs,  and 
particularly  mice  are  susceptible  to  anthrax.  A  mouse  will  die  within 
a  day  or  two  if  inoculated  with  only  the  minutest  dose  of  a  virulent 
strain,  and  is  therefore  the  animal  commonly  employed  for  diagnostic 
purposes.  Post-mortem,  there  is  a  hsemorrhagic  oedema  at  the  site 
of  inoculation,  a  greatly  enlarged  and  hypersemic  spleen  crowded 
with  bacilli,  and  a  large  number  of  bacilli  in  the  blood  and  the  other 
organs. 

As  a  rule  the  bacteriological  diagnosis  of  a  local  infection  with 
anthrax  in  n:an  is  relatively  easy.  In  the  malignant  pustule,  which 
has  a  somewhat  characteristic  appearance,  the  bacillus  will  be  found, 
frequently  in  pure  culture,  in  the  ring  of  vesicles  which  surrounds  the 
central  slough.  In  the  pneumonic  form  of  the  disease  the  bacilli 
will  easily  be  identified  and  cultivated  from  the  sputum,  which  may 
be  directly  inoculated  into  a  mouse.  If  there  be  pleurisy  associated 
with  the  condition  the  pleural  fluid  will  be  found  to  contain  long  threads 
of  the  bacilli.  In  the  intestinal  form  the  diagnosis  is  more  difficult, 
but  as  a  rule  the  organism  can  be  isolated  from  the  fseces. 

The  blood  should  always  be  most  carefully  examined,  since  ex- 
perience has  shown  that  the  prognosis  in  anthrax  remains  favouraKe 
so  long  as  the  bacilli  cannot  be  detected  in  the  blood.  If,  on  the  other 
hand,  a  condition  of  septicsemia  has  supervened,  and  the  bacilli  are 
present  in  the  circulation,  the  prognosis  becomes  extremely  bad. 

The  introduction  of  the  treatment  of  anthrax  with  antitoxic  serum 


Fig.  1.  — Bacillus  tetani  from  pure 
culture.  Stained  by  Grain's 
method.  1.000. 


Fig.  2. — Hacillus  diphtheriit  from 
pure  culture.  Stained  by 
Gram's  method.  900. 
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Fig.  3. — Bacillus  diphtheria:  in  section  ol  diphtheritic  membrane. 
Stained  by  Gram's  method.  750. 


Fig.  4.  —  Hacillus  pestis  in  section  of  lung.    Stained  with  neutral  red. 
•  7.S0. 

Plate  6. 
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is  said  to  have  yielded  excellent  results  in  Italy,  the  mortality  of 
nnoperated  cases  being  reduced  from  2i  per  cent,  to  6  per  cent,  in  the 
human  subject  (Sclavo).  Active  immunization  by  a  series  of  vaccines 
is  extensively  employed  on  the  Continent  for  protecting  cattle,  and 
has  resulted  in  an  enormously  diminished  mortality  from  this  disease. 

Bacillus  tetani  (Plate  6,  Fig.  1). — The  infective  nature  of 
tetanus  was  first  clearly  proved  by  Carle  and  Rattone,  who  showed 
in  1884  that  the  inoculation  of  material  from  the  neighbourhood  of 
the  wound  in  a  case  of  tetanus  led  to  the  development  of  the  disease 
in  the  animals  employed  (rabbits).  Nicolaier,  in  1885,  infected  small 
animals  with  garden  soil,  and  found  that  many  of  them  developed  symp- 
toms of  tetanus.  When  these  occurred  there  was  always  found  at  tlie 
site  of  inoculation  a  particular  thin  rod-shaped  organism,  which  Nicolaier 
regarded  as  the  probable  cause  of  tlie  disease.  He  succeeded  in  growing 
the  bacillus,  and  noted  its  formation  of  terminal  spores,  but  did  not 
obtain  pure  cultures.  Rosenbach  demonstrated  the  presence  of  the 
bacillus  in  a  tetanus  wound  in  man,  and  produced  tetanus  in  animals 
by  inoculating  them  with  the  wound  secretion,  subsequently  dis- 
covering the  same  bacillus  at  the  site  of  infection  in  the  animals  in 
question. 

In  1889,  Kitasato  isolated  the  organism  in  pure  culture  by  first 
heating  the  material  in  which  it  was  present  for  an  hour  at  80'  C,  and 
subsequently  cultivating  anaerobically  on  agar-plates.  He  showed 
that  the  inoculation  of  pure  cultures  into  animals  produced  the  specific 
disease,  and  that  the  organism  could  again  be  recovered  in  pure 
culture  from  the  site  of  inoculation. 

The  organism  is  a  slender  rod  with  rounded  ends,  2-4-  ^  long  by 
0'3-0'5  fjb  wide,  which  sometimes  grows  out  into  long  filaments  in 
artificial  culture  media.  It  is  slowly  motile,  and  possesses  very 
numerous  flagella,  which  are  distributed  all  round  its  periphery.  It 
forms  a  terminal  spore  whose  diameter  is  considerably  greater  than 
that  of  the  bacillus  (l-l'S  ix),  thus  giving  rise  to  the  characteristic 
'■  drumstick "  appearance.  The  spore  itself  is  usually  spherical  in 
shape,  but  sometimes  assumes  a  distinctly  oval  outline. 

The  bacillus  stains  readily  with  all  the  ordinary  basic  aniline  dyes, 
both  in  wet  preparations  and  in  dried  films.  The  spores  stain  easily 
by  the  modified  Ziehl-Neelsen  method  already  described,  and  they 
retain  the  stain  in  Gram-preparations.  The  bacillus  itself  is  also 
Gram-positive. 

It  is  anaerobic,  but,  though  sometimes  regarded  as  a  particularly 
strict  anaerobe,  it  will  as  a  matter  of  fact  grow  very  well  where  the 
conditions  are  only  moderately  anaerobic,  as  in  a  deep  agar-stab, 
where  growth  occurs  from  about  2  cm.  below  the  surface  downwards. 
At  the  same  time,  a  relatively  small  amount  of  oxygen  is  sufficient; 
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to  prevent  all  visible  growth.  It  is  therefore  an  advantage  that  about 
2  per  cent,  of  glucose  should  be  added  to  the  culture  media  in  the 
case  of  this  organism  in  order  to  remove  any  oxygen  which  may  be 
taken  up  during  the  manipulation  of  the  tubes.  The  tubes  should  also 
always  be  freshly  autoclaved  or  boiled  immediately  before  use,  to  drive 
out  absorbed  air.  In  the  case  of  gelatin  and  agar  which  are  melted 
by  this  process,  the  media  should  be  rapidly  solidified  for  use  by  placing 
the  tubes  on  ice  or  in  cold  water. 

In  bouillon  the  tetanus  bacillus  produces  a  uniform  turbidity, 
which  after  three  or  four  days  settles  down  as  a  powdery  deposit, 
leaving  the  fluid  clear.  In  the  young  culture  the  bacilli  are  for  the 
most  part  single,  but,  as  it  gets  older,  longer  and  longer  threads  appear 
in  abundance  and  very  few  single  organisms  remain.  There  is  a  con- 
siderable production  of  gas. 

In  a  gelatin-stab  (anaerobic)  there  is  arborescent  growth  along 
the  line  of  puncture  and  spreading  laterally  from  it,  the  gelatin  is 
slowly  liquefied,  the  liquefaction  becoming  visible  along  the  stab  in 
about  a  week  at  22°  C,  and  gas  is  formed.  The  gas-production  of  this 
organism  is  important  and  must  be  emphasized,  since  for  some  reason 
it  has  often  been  said  that  gas  is  not  produced  in  a  pure  culture.  As 
a  matter  of  fact,  the  formation  of  gas  is  one  of  the  most  characteristic 
features  of  pure  tetanus  cultures,  especially  when  grown  in  glucose 
media.  The  gas  consists  mainly  of  a  number  of  hj^drccarbons  (methane, 
ethylene,  etc.)  and  carbonic  acid,  with  various  other  volatile  bodies 
of  offensive  odour  which  produce  a  smell  somewhat  resembling  that 
of  burnt  feathers. 

In  an  agar-stab  the  growth  is  very  similar  to  that  in  gelatin,  but 
more  rapid  (at  37°  C),  and  the  medium  is  of  course  not  liquefied,  but 
may  be  split  up  by  the  gas-formation. 

In  coagulated  blood-serum  some  strains  of  the  organism  produce 
slow  liquefaction,  while  others  do  not. 

The  bacillus  grows  readily  in  milk  without  producing  acid  or  leading 
to  coagulation  of  the  medium. 

Its  optimum  temperature  is  about  37°  C,  and  its  hmits  of  growth 
from  14°  C.  to  about  42°  C.  At  60°  to  65°  C.  most  of  the  vegetative 
forms  (bacilli)  are  killed  within  half  an  hour,  but  the  spores  resist 
five  minutes'  boiling  at  100°  C.  They  are,  howevtr,  killed  by  five 
minutes'  exposure  to  the  action  of  steam. 

In  artificial  cultures  spore-formation  begins  within  24  hours, 
and  proceeds  rapidly.  The  spores  retain  their  vitality  and  virulence 
almost  indefinitely  in  a  dried  condition  if  protected  from  the 
action  of  light  (more  than  eleven  years  at  any  rate).  According 
to  Kitasato,  5  per  cent,  carbohc  acid  kills  them  in  about  15  hours, 
and  1-1,000  corrosive  subhmate  solution  in  three  hours. 
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The  organism  is  very  widely  distributed,  and  is  a  common  saprophyte 
in  cultivated  ground,  in  stable  refuse,  and  in  the  soil  of  towns.  It  has 
been  found  in  as  many  as  90  per  cent,  of  samples  of  earth  taken  at 
random  near  a  large  town.  It  is  almost  always  to  be  found  in  garden 
soil.  Although  an  anaerobic  organism,  it  can  develop  in  these  situa- 
tions since  the  presence  of  numerous  aerobic  forms  removes  the  free 
oxygen  sufficiently  to  enable  it  to  grow. 

The  toxins  of  tetanus  have  been  very  carefully  investigated.  Even 
before  pure  cultures  of  the  bacillus  had  been  obtained,  Knud  Faber 
showed  that  the  bacterium- free  filtrate  of  impure  tetanus  cultures 
would  produce  the  characteristic  symptoms  of  the  disease.  After  the 
micro-organism  had  been  successfully  isolated  by  Kitasato,  numerous 
experiments  on  its  toxins  were  carried  out  by  many  observers. 
The  main  results  established  may  be  stated  as  follows  :  In  suitable 
media  the  bacillus  produces  toxins  of  such  remarkable  potency  that 
even  toocttttto  c.c.  (one-millionth  c.c.)  of  the  filtered  culture  fluid 
may  be  sufficient  to  cause  typical  tetanus  and  death  in  a  mouse  of 
about  10  grm.  The.  fluid  contains  at  least  two  poisonous  bodies,  one 
of  which  produces  the  tetanic  spasms,  wliile  tlie  other  acts  as  a  strong 
hjemolytic  agent.  The  latter  is  a  very  labile  substance,  and  can  only 
be  preserved  in  a  dried  condition.  It  loses  its  activity  very  rapidly 
when  present  in  solution,  and  may  become  practically  inactive  after 
a  few  hours'  exposure  at  37°  C.  The  former,  which  is  the  specific  toxin, 
is  also  unusually  susceptible  to  the  action  of  heat,  so  that  exposure 
for  a  few  minutes  at  65°  C,  or  for  an  hour  and  a  half  at  55°  C,  renders 
it  practically  incapable  of  producing  symptoms.  On  the  other  hand, 
when  it  has  been  completely  dried  its  activity  is  only  slightly  reduced 
by  heating  for  an  hour  at  120°  C.  In  this  condition  it  also  withstands 
the  action  of  alcohol,  chloroform,  and  ether. 

On  injection  into  animals,  the  tetano-toxin  has  a  definite  incubation 
period,  but  its  precise  duration  is  dependent  both  on  the  dosage  and 
on  the  variety  of  animal  employed.  Even  with  very  large  doses,  in 
the  mouse,  specific  symptoms  of  intoxication  do  not  begin  to  appear 
until  after  the  lapse  of  about  eight  or  ten  hom'S.  The  toxin  travels 
by  the  iiiotor  nerves  to  reach  the  cells  of  the  anterior  horn  of  the  spinal 
cord,  and  it  has  been  suggested  that  it  is  absorbed  in  the  first  case  by 
the  motor  end-plat3S  in  the  muscle  fibres. 

Susceptibility  to  tetanus  toxin  varies  in  different  animals.  Thus, 
while  mice,  rabbits,  and  guinea-pigs  are  highly  susceptible,  consider- 
able resistance  is  exhibited  by  fowls,  which  require  30,000  times  the 
dose,  per  gramme  of  body  weight,  sufficient  to  kill  a  mouse.  The 
alligator  appears  to  be  immune. 

Administered  by  the  mouth,  the  toxin  produces  no  effect  on 
animals,  and  is  not  absorbed  in  the  alimentary  canal.    Feeding  with 

F 


66 


SURGICAL  BACTERIOLOGY 


living  tetanus  bacilli  or  spores  is  equally  ineffective  in  producing 
the  disease. 

The  effect  of  the  inoculation  of  pure  cultures  into  animals  depends 
on  the  accompanying  conditions.  If  a  small  quantity  of  a  bouillon 
culture  be  injected  subcutaneously  in  a  mouse,  the  animal  may  be 
killed  by  the  preformed  toxin  actually  present  in  the  fluid  injected, 
without  any  development  of  tetanus  bacilli  at  the  site  of  inoculation. 
But  if  washed  micro-organisms  be  introduced,  no  pathological  results 
ensue,  unless  at  the  same  time  anaerobic  conditions  are  produced  at 
the  site  of  inoculation,  either  by  the  association  of  aerobic  organisms 
or  by  a  local  tissue-injury  sufficient  to  produce  an  area  of  cell  degenera- 
tion and  necrosis.  This  explains  the  fact  that  though  the  tetanus 
bacillus  is  so  widely  distributed,  and  injuries  contaminated  with  soil 
are  so  extremely  common,  yet  tetanus  resulting  from  such  injuries 
is  in  most  places  relatively  infrequent. 

In  a  case  of  tetanus,  whether  in  an  animal  or  in  man,  the  bacillus 
never  spreads  beyond  the  site  of  primary  infection,  or  possibly  the 
nearest  lymphatic  glands.  It  will  be  found,  sometimes  in  considerable 
numbers,  in  the  pus  and  in  tlie  necrotic  tissue  of  the  wound,  and  may 
be  recognized  ^yithout  much  difficulty.  The  diagnosis  should,  however, 
always  be  confirmed,  where  possible,  by  the  subcutaneous  inoculation 
of  a  mouse  with  material  from  the  woimd.  The  symptoms  of  the  disease 
are  entirely  toxic,  and  the  local  action  on  the  tissue  is  practically  neglig- 
ible. The  site  of  infection  is  to  be  regarded  merely  as  a  manufactory 
for  the  toxin,  which  diffuses  out  from  it  to  reach  the  nerves  and  the 
circulating  blood,  and  is  thus  carried  to  the  central  nervous  system. 

By  appropriate  and  repeated  inoculations  of  tetanus  toxin  into 
animals  an  antitoxic  serum  is  readily  obtained,  and  for  this  purpose 
the  horse  is  commonly  employed.  But  as  the  toxin  is  so  extremely 
virulent,  it  has  been  found  convenient  to  begin  the  immunization 
with  a  toxin  diminished  in  activity  by  treatment  with  iodine  terchloride 
or  pure  iodine.  An  antitoxin  of  great  potency  can  thus  be  obtained. 
The  antitoxic  strength  of  any  given  serum  is  estimated  in  terms  of 
an  arbitrary  antitoxin  unit.  The  unit  taken  is  that  amount  of  antitoxin 
which  will  protect  a  mouse  weighing  10  grm.  against  4,000,000  minimal 
lethal  doses  of  the  standard  toxin.  A  serum  containing  anything 
between  .'3  and  10  units  of  antitoxin  per  cubic  centimetre  of  volume 
is  to  be  regarded  as  a  very  powerful  serum. 

In  a  case  of  tetanus  in  man,  the  serum  treatment  must  be  begun 
at  the  earliest  possible  moment,  and  at  least  100  units,  preferably  200, 
should  be  given  at  once.  This  would  be  contained  in  10-20  c.c.  of 
a  good  antitoxic  serum.  If  the  serum  employed  is  a  less  potent  one, 
and  more  than  20  c.c.  is  required  to  contain  the  necessary  amount  of 
antitoxin,  it  may  be  injected  in  divided  portions  and  at  different  places. 
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As  a  protective  inoculation  where  there  is  danger  of  possible 
tetanus  infection,  a  single  injection  of  about  20  units  should  be 
administered. 

In  urgent  cases  the  antitoxin  may  be  introduced  into  the  spinal 
canal  by  lumbar  puncture.  When  this  is  done,  as  much  cerebro-spinal 
fluid  should  first  be  allowed  to  escape  as  can  be  removed  without 
involving  danger  to  the  patient  from  an  undue  reduction  of  the  intra- 
cerebral pressure,  and  the  antitoxin  subsequently  injected.  The 
withdrawal  of  cerebro-spinal  fluid  is  of  great  importance,  both  because 
this  fluid  contains  considerable  quantities  of  tetanus  toxin  which 
are  thus  got  rid  of,  and  from  the  fact  that  otherwise  the  rapid 
introduction  of  the  antitoxic  serum  might  dangerously  increase  the 
subdural  pressure.  Following  this  method  an  amount  of  between 
10  and  20  c  c.  of  the  serum  can  safely  be  injected. 

Intravenous  and  intracerebral  injections  have  also  been  employed. 
The  former  do  not  appear  to  possess  any  advantage  over  the  sub- 
cutaneous method,  and  in  urgent  cases  cannot  replace  the  subdural 
lumbar  inoculation.  The  intracerebral  method  is  extremely  dangerous, 
and  should  be  avoided,  as  even  when  successful  from  the  surgical 
standpoint  it  gives  no  better  results  than  those  obtained  by  the 
method  of  lumbar  puncture. 

The  prophylactic  use  of  the  antitoxin  has  given  excellent  results 
both  in  animals  (horses)  and  in  man.  That  is  to  say,  by  its  means 
the  percentage  of  tetanus  cases  following  such  injuries  as  are  likely 
to  have  been  exposed  to  tetanus  infection  has  been  strikingly  reduced. 
Further,  there  is  now  to  be  obtained  a  dried  preparation  of  tetanus 
antitoxin  which  may  be  applied  directly  to  a  wound  where  the  possi- 
bility of  tetanus  infection  is  feared.  This  preparation  has  been  used, 
on  the  suggestion  of  Calmette,  as  a  protective  dressing  on  the  umbilical 
cord  in  new-born  children  in  Indo-China,  where  20  per  cent,  of  new-born 
children  were  said  to  die  of  tetanus  neonatorum,  and  it  has  given  very 
satisfactory  results  in  a  striking  reduction  of  the  mortality  from  thi.s 
disease. 

It  is  mifortunately  difficult  to  convince  oneself  that  the  antitoxin 
possesses  an  equal  value  as  a  therapeutic  agent.  But  a  number  of 
reliable  observers  have  recorded  most  encouraging  results  in  a  percentage 
of  cases  ;  and  it  is  probable  that  many  of  the  failm'es  are  attributable 
to  insufiicient  dosage.  The  antitoxin  can  only  be  said  to  have  had  a 
proper  trial  in  a  case  of  tetanus  if  it  has  been  administered  promptly, 
repeatedly,  and  freely,  in  large  doses,  not  only  locally  but  also  by  the 
method  of  lumbar  pmicture.  Doses  of  100  or  200  units  of  antitoxin 
should  be  repeated  as  often  as  the  case  allows  until  some  definite  result 
has  been  obtained.  This  might  appear  to  suggest  heroic  treatment, 
but  it  must  always  be  remembered  that  the  mortality  of  acute  tetanus 
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is  in  any  case  extremely  liigli,  and  in  many  statistics  reaches  even 
80  per  cent. 

Bacillus    oedematis    maligni    (vibrion  septique).-^ 

Tliis  organism  was  discovered  by  Pasteur  in  1877,  and  termed  by  him 
the  vibrion  se/ptique  ;  it  was  studied  again  by  Koch  in  1881,  and  by 
him  renamed  the  bacillus  of  malignant  cedema.  He  showed  that  it 
did  not  in  fact  produce  a  septicaemia  in  the  living  animal,  as  Pasteur 
thought,  but  was  only  to  be  found  in  the  circulation  after  the  animals 
had  been  dead  for  some  time.  It  became  of  interest  in  the  pathology 
of  man  in  1882,  when  Brieger  and  Ehrlich  recorded  two  fatal  cases  of 
human  infection  following  the  hypodermic  injection  of  a  drug.  Since 
that  time  a  considerable  number  of  cases  have  been  recorded  in  the 
human  subject. 

The  bacillus  is  a  rod-shaped  spore-forming  organism  about  3 
long  by  1  yu.  wide,  with  rounded  ends,  occurring  singly  or  in  chains 
of  two  or  three,  but  frequently  growing  out  into  imdivided  filaments 
of  considerable  length.  It  is  feebly  motile,  and  possesses  numerous 
flagella  which  freqiiently  are  grouped  together  near  one  end,  and  project 
like  a  many-stranded  whip-lash,  or  a  sheaf  of  ribbon,  from  a  staff. 
It  produces  spores  which  are  roughly  oval  or  egg-shaped,  and  are 
usually  situated  near  the  middle  of  the  rod,  though  not  uncommonly 
they  may  be  found  nearer  one  end.  They  are  only  present  in  the 
short  rods,  and  are  never  seen  in  the  long  filaments.  The  spore  distends 
the  rod,  altering  its  outline,  so  that  it  assumes  a  spindle-shaped  or 
pear-shaped  form.  Sporing  occurs  not  only  in  artificial  cultures,  but 
also  in  the  oedematous  exudation  of  infected  individuals. 

The  organism  stains  well  with  watery  solutions  of  the  ordinary 
basic  aniline  dyes.  And  the  spores  are  readily  stained  by  the  usual 
method  {see  p.  41). 

The  bacillus  is  Gram-positive,  but  it  is  somewhat  easily  decolorized. 
This  fact  may  perhaps  explain  the  divergence  of  opinion  as  to  the  Gram- 
reaction  of  this  organism  expressed  by  different  observers.  But  if 
amyl-alcohol  be  used  for  differentiating  instead  of  the  ordinary  ethyl- 
alcohol,  a  positive  Gram-stain  is  always  obtained.  It  seems  probable, 
however,  that  under  the  name  Bacillus  oedematis  maligni  several  nearly 
related  organisms  possessing  similar  characters  and  pathogenetic 
action  have  been  grouped  together,  and  to  this  fact  are  probably  in 
part  attributable  the  minor  differences  in  the  descriptions  of  various 
authors,  and  perhaps  also  the  difference  of  opinion  as  regards  Gram- 
staining. 

The  bacillus  is  strictly  anaerobic,  and  will  only  grow  when  oxygen 
is  rigidly  excluded.  Culture  media  should  be  made  with  2  per  cent,  of 
glucose,  should  be  freshly  heated  before  use,  to  drive  out  absorbed  air, 
and  should  be  kept  in  an  atmosphere  free  from  oxygen  dm-ing  cultivation. 
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In  bouillon  the  bacillus  of  malignant  oedema  produces  uniform 
turbidity  with  a  scanty  deposit,  and  there  is  a  very  free  formation  of 
gas,  consisting  of  a  mixture  of  hydrogen,  carbonic  acid,  methane, 
and  a  nimiber  of  highly  odoriferous  fatty  and  aromatic  acid  substances 
which  together  produce  a  powerful  and  very  strikingly  unpleasant 
smell. 

In  a  gelatin-stab  the  growth  appears  as  a  row  of  rounded  colonies, 
at  first  small  and  translucent,  becoming,  later  on,  fused  into  a  white 
line  of  opaque  growth  presenting  short  lateral  offshoots.  The  gelatin 
is  liquefied  in  a  long  cylinder,  and  gas  is  formed. 

In  an  agar-stab,  growth  takes  place  rapidly  at  the  body  temperature, 
and  appears  either  as  a  felted  network  of  diffuse  growth  along  the  stab, 
or  as  a  series  of  small  biconvex  granulated  separate  colonies  which 
become  fused  into  a  continuous  white  line  of  culture.  Bubbles  of  gas 
are  formed  in  the  medium,  which  may  be  much  split  up  as  the  colonies 
increase  in  size. 

Milk  is  coagulated  slowly,  and  only  to  a  very  slight  extent.  The 
coagulum  is  subsequently  dissolved  by  peptonizing  action. 

The  optimum  temperature  is  about  37°  C,  but  the  organism  grows 
well  at  the  room  temperature.  Spore-formation  takes  place  above 
20°  C,  and  is  rapid  at  the  body  temperature.  The  spores  resemble 
those  of  tetanus  in  their  resistance  to  heat,  to  antiseptic  action,  and 
to  drying.    In  dried-up  tissues  they  retain  their  virulence  for  years. 

The  organism  is  common  in  the  soil  of  cultivated  areas,  and  where- 
ever  putrefying  animal  matter  is  present.  It  may  usually  be  isolated 
by  introducing  a  small  amoimt  of  garden  earth  beneath  the  skin  of 
a  mouse  or  guinea-pig.  When  inoculated  subcutaneously  in  pure 
culture  it  produces  spreading  oedema  of  a  hsemorrhagic  character,  with 
moderate  gas-formation  in  the  subcutaneous  tissue  and  the  neigh- 
bouring muscles.  Death  usually  occurs  from  acute  intoxication  in 
from  16  to  about  24  hours.  The  bacilli  are  present  in  great  numbers 
in  the  oedema  fluid  and  the  affected  tissues,  but  as  a  rule  the  blood 
and  the  organs  generally  are  entirely  free.  After  the  death  of  the 
animal,  however,  the  whole  body  may  be  invaded  by  the  organism 
in  the  course  of  a  few  hours. 

Washed  organisms,  freed  from  their  toxins,  may  be  injected  in  small 
quantities  without  producing  pathological  effects  if  care  be  taken 
that  the  tissues  are  not  bruised  or  injured  at  the  site  of  the  inoculation, 
the  bacillus  being  unable  to  develop  and  produce  its  toxins  owing  to 
the  presence  of  oxygen  in  the  tissues.  On  the  other  hand,  when  it 
is  injected  along  with  its  toxins  the  latter,  by  producing  cell  degenera- 
tion and  necrosis  of  tissue,  provide  an  anaerobic  focus  for  the  develop- 
ment of  the  micro-organism.  Intravenous  inoculation  usually  produces 
no  effect,  as  the  organism  does  not  develop  in  the  oxygenated  blood. 
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Active  immunity  is  readily  obtained  by  the  introduction  of  attenuated 
cultures. 

From  filtered  bouillon  cultures  of  the  organism  toxic  effects  may 
be  obtained  in  animals,  but  large  doses  have  to  be  used  to  produce  the 
characteristic  lesions  which  occur  in  the  bacillary  infection.  The 
toxin  appears  to  be  a  highly  resistant  body,  and  is  not  destroyed  by 
heating  to  a  temperature  of  110°  C. 

Malignant  oedema  is  a  condition  now  only  rarely  seen,  but  it  was 
probably  common  in  pre-antiseptic  days  among  the  cases  described 
under  such  terms  as  gangrenous  emphysema,  hospital  gangrene,  purulent 
oedema,  and  so  on.  When  met  with  the  organism  is  usually  present 
as  a  mixed  infection  along  with  other  organisms,  especially  the  pyo- 
genetic  cocci,  whose  association  with  it  helps  to  provide  the  necessary 
anaerobic  conditions. 

Bacillus  mallei  (glanders  bacillus). — The  bacillus  of  glan- 
ders was  first  identified  and  proved  to  be  the  cause  of  the  disease 
in  1882  by  LofSer  and  Schiitz,  who  succeeded  in  isolating  it  in  pure 
culture  from  a  number  of  cases,  and  showed  that  on  inoculation  into 
horses  it  reproduced  the  typical  disease.  It  had  been  noted  previously 
by  Bouchard  and  Charrin  along  with  other  organisms  in  the  pus  from 
the  lesions  in  horses,  and  they  had  found  that  such  material  conveyed 
the  specific  disease  to  other  animals.  But  they  entirely  failed  to  obtain 
pure  cultures. 

Weichselbaum,  in  1885,  separated  it  in  pure  culture  from  a  human 
case  of  glanders,  and  by  inoculating  animals  confirmed  the  observa- 
tions made  by  Loffier  and  Schiitz. 

The  bacillus  is  a  slender  rod-shaped  organism  of  somew"hat  irregular 
outline,  either  straight  or  slightly  curved,  with  rounded  ends,  and 
similar  in  size  to  the  tubercle  bacillus,  though  rather  thicker.  It 
varies  considerably  in  length,  measuring  2-5  fju,  and  its  width  is  about 
O'3-l  /i.  It  is  commonly  either  arranged  as  a  diplobacillus  or  dis- 
tributed singly,  and  both  in  films  from  cultures  and  in  pus  it  is  not 
unusual  to  find  a  number  of  pairs  lying  side  by  side  instead  of  end  to 
end  like  diplobacilli.  It  sometimes  grows  out  into  short  unsegmented 
filaments  of  10-20  /u.  in  length,  especially  when  placed  imder  con- 
ditions which  are  to  some  extent  unfavourable.  It  is  not  motile, 
and  has  no  flagella.    Spores  are  not  formed. 

The  staining  properties  of  the  bacillus  are  somewhat  miusual,  and 
it  is  often  said  to  be  difficult  to  stain.  This  is  due  to  the  fact  that 
it  is  very  readily  decolorized,  imless  a  mordant  of  some  kind  be  em- 
ployed. Hence  it  is  easily  stained  in  a  bacterial  film,  which  only  needs 
to  be  washed  with  water  and  dried  off  after  the  staining.  But  in 
sections  where  a  dehydrating  agent  has  to  be  employed,  it  is  often 
decolorized,  especially  if  alcohol  be  used  for  the  dehydration. 
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The  protoplasm  of  the  bacillus  stains  irregularly,  parts  being  deeply 
stained  while  other  parts  are  pale,  thus  giving  an  appearance  of  granules 
and  vacuoles. 

In  wet  preparations  it  stains  well  with  Czaplewski-fuchsin,  or  with 
a  0'2  j)er  cent,  solution  of  methylene  blue.    It  is  Gram-negative. 

The  bacillus  is  aerobic,  and  a  facultative  anaerobe.  It  grows  readily 
on  all  the  ordinary  media,  better  if  5  per  cent,  of  glycerine  be  added, 
and  characteristically  upon  the  surface  of  potato.  It  prefers  a  slightly 
acid  medium. 

In  bouillon  it  produces  uniform  turbidity,  and  at  the  foot  of  the 
tube  a  grey-white  sediment  of  a  distinctly  slimy  character.  Occa- 
sionally there  may  be  a  pellicle  on  the  surface  of  the  fluid  which  is 
thicker  at  the  sides  than  in  the  centre.  In  old  cultures  the  bouillon 
acquires  a  yellowish-brown  colour,  and  becomes  slimy  and  viscous. 

In  gelatin  there  is  a  greyish  discontinuous  growth  along  the  stab, 
most  marked  at  the  upper  end,  and  on  the  surface  a  small  semi-trans- 
parent disc  of  growth  around  the  puncture.  The  medium  is  never 
liquefied. 

On  the  surface  of  agar  there  is  formed  a  uniform,  moist-looking, 
slimy,  greyish  streak,  which  later  on  assumes  a  yellowish  tinge. 

On  potato  at  the  body  temperature  there  appears  an  amber-coloured 
honey-like  layer  of  growth,  which  gradually  becomes  darker  and  more 
opaque,  passing  through  shades  of  fawn  to  assume  in  about  a  week  a 
red-brown  hue  very  similar  to  that  of  cuprous  oxide.  Immediately 
around  the  growth  the  potato  itself  exhibits  a  greenish-yellow  colora- 
tion.   Milk  is  coagulated  in  about  a  fortnight. 

The  optimum  temperature  is  about  37°  C,  and  the  limits  of  growth 
20°-4.3°  C.  It  is  killed  within  ten  minutes  at  a  temperature  of  55°  C. 
When  dried,  the  organism  will  live  for  from  two  to  three  weeks,  and 
in  cases  may  be  found  alive  even  after  three  months.  In  culture  it 
retains  its  vitality  for  considerable  periods  at  the  room  temjserature, 
and  a  glycerine-bouillon  culture  kept  at  a  low  temperature  was  found 
alive  after  four  years.  On  potato  it  will  usually  die  out  within  three 
or  four  months.  It  is  very  easily  destroyed  by  antiseptics.  Thus, 
corrosive  sublimate  in  1-5,000  solution  kills  it  in  about  two  minutes, 
and  5  per  cent,  carbolic  acid  in  five  minutes. 

The  Bacillus  viallei  produces  powerful  toxins  which  are  set  fi'ce 
into  the  culture  media,  but  also  exist  within  the  bodies  of  the  micro- 
organisms. Various  preparations  of  these  poisonous  substances  are 
manufactured  vmder  the  name  of  malle'in,  either  by  the  filtration  of 
glycerine-bouillon  cultures,  or  by  heating  the  bacterial  growth  from 
the  surface  of  potatoes  in  dilute  glycerine  or  in  water,  and  subsequently 
filtering  off  the  bacteria,  or  simply  in  the  form  of  glycerine-bouillon 
cultures  sterilized  by  heating  at  120°  C. 
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One  of  the  simplest  and  most  satisfactory  methods  is  to  giow 
the  organism  for  one  month  at  37°  C.  in  glycerine-bouillon,  which  is 
then  sterilized  at  110°  C.  The  fluid  is  next  evaporated  in  a  water-bath 
to  one-tenth  of  its  original  volume,  and  filtered.  For  use  it  is  diluted 
to  a  suitable  strength  with  |  per  cent,  carbolic-acid  solution.  Mallein 
thus  prepared  is  used  as  a  diagnostic  test  in  animals,  since  it  is  found 
that  the  injection  of  a  small  amount  of  this  substance  produces  only 
slight  effects  in  normal  animals,  but  leads  to  local  swelling  and  a 
marked  rise  of  temperature  in  animals  suffering  from  glanders  infec- 
tion. The  quantity  of  toxin  to  be  used  is  determined  by  test  observa- 
tions upon  horses.  The  dose  selected  is  the  largest  amount  which 
can  be  inoculated  into  a  normal  animal  without  producLug  more  than 
at  most  a  very  slight  reaction,  and  the  strong  toxin  is  diluted  as  above 
described,  so  that  this  quantity  may  be  contained  in  a  convenient 
volume  of  the  fluid.  The  test,  if  carried  out  with  due  precautions, 
is  practically  always  foimd  to  give  a  reliable  diagnosis. 

Mallein  has  also  been  used  as  a  therapeutic  agent  in  the  treatment 
of  glanders,  in  both  animals  and  man,  being  employed  after  the  manner 
of  a  vaccine  as  a  means  of  stimulating  the  reaction  of  the  tissues,  and 
leading  to  the  rapid  development  of  active  immunity.  Up  to  the 
present,  however,  the  results  recorded  are  too  contradictory  to  justify 
a  definite  statement  as  to  the  value  of  this  method  of  treatment. 

The  preparation  of  antitoxic  serums  has  also  been  attempted,  but 
no  results  of  practical  value  have  hitherto  been  obtained. 

The  Bacillus  mallei  is  pathogenetic  for  a  large  number  of  animals 
and  for  man.  Inoculated  subcutaneously  in  the  horse,  it  produces 
a  characteristic  attack  of  the  disease.  Of  laboratory  animals  the 
guinea-pig  is  the  most  susceptible,  and  should  always  be  employed 
for  diagnostic  purposes.  The  suspected  material  is  inoculated  intra- 
peritoneally  in  a  male  guinea-pig,  and  if  the  bacillus  is  present  there 
rapidly  occurs  a  purulent  inflammation  of  the  tunica  vaginalis  and 
testicles,  and  death  usually  takes  place  in  about  seven  to  fourteen 
days,  from  a  general  infection. 

As  it  occurs  in  man,  glanders  infection  is  usually  acquired  from 
the  horse,  especially  by  contact  with  discharges  from  the  nose,  or 
from  the  ulceration  of  "  farcy  buds."  The  bacillus  gains  an  entrance 
either  through  the  respiratory  mucous  membrane  or  through  an  abrasion 
of  the  skin,  and  may  produce  either  an  acute  infection  or  a  chronic 
form  of  the  disease.  Glanders  has  repeatedly  occurred  in  man  as  the 
result  of  accidental  inoculations  with  pure  cultures  of  the  organism 
during  laboratory  investigations. 

Bacillus  diphtherias  (diphtheria  bacillus).  —  This 
organism  (Plate  6,  Figs.  2  and  3)  was  first  described  by  Klebs  in  1883 
in  the  false  membrane  of  diphtheria.    In  the  following  year  Loffler 
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succeeded  in  growing  it  in  pure  culture  from  a  number  of  cases,  and 
described  its  pathogenetic  effects  in  animals.  The  organism  is  there- 
fore often  referred  to  as  the  Klebs-Loffler  bacillus. 

Following  these  earlier  observations  numerous  investigations  were 
carried  out  by  Brieger  and  Frankel,  Loffler,  Roux  and  Yersin,  and 
a  number  of  other  observers,  which  led  to  a  general  recognition  of 
the  organism.  The  researches  of  Roux  and  Yersin  on  the  action  of 
the  toxins  which  they  obtained  from  cultures  definitely  proved  the 
specificity  of  the  bacillus  by  showing  that  these  substances  produced 
the  general  phenomena  of  the  disease  in  question,  and  notably  in 
many  cases  grave  paralyses. 

The  bacillus  is  a  rod-shaped  organism,  straight  or  slightly  curved, 
of  irregular  outline,  with  swollen  or  pointed  ends,  and  of  very  various  size, 
measuring  from  about  2  yu,  up  to  some  6  or  8  in  length,  by  0'3-0'5  jju 
wide.  Involution  forms  appear  very  early  in  a  growing  culture,  and 
show  even  greater  variations  in  shape,  including  what  have  been 
described  as  clubs  and  pear-shaped  forms  of  the  bacterium.  They 
may  show  so  much  fragmentation  as  to  present  the  appearance  of  a 
row  of  streptococci. 

The  organisms  exhibit  a  marked  tendency  to  assume  a  somewhat 
geometrical  arrangement,  which  is  frequently  compared  to  Chinese 
writing  ;  at  other  times  they  may  be  found  in  groups,  radiating  from 
a  centre  like  the  ribs  of  a  lady's  fan. 

The  bacillus  is  not  motile,  and  has  no  flagella.  It  does  not  form 
spores. 

It  stains  readily  with  watery  solutions  of  the  ordinary  basic  aniline 
dyes,  both  in  dried  films  and  in  wet  preparations.  The  latter  method 
of  examination,  which  was  originally  proposed  by  Salomonsen,  affords 
the  most  t}'3)ical  picture  of  the  organism  as  regards  its  varied  shape, 
cross-banding,  granulation,  and  so  on.    The  bacillus  is  Gram-positive. 

By  special  staining  methods  (Neisser's  stain  for  dried  films,  or, 
better,  Bie's  stain  with  a  wet  preparation)  it  is  possible  to  demonstrate 
in  the  bacilli  the  so-called  Ernst-Babes  granules,  two  or  three  in  number 
in  each  rod,  which  together  with  the  other  features  of  the  micro- 
organism, are  practically  diagnostic  of  the  dijshtheria  bacillus. 

The  bacillus  is  aerobic,  and  a  facultative  anaerobe. 

In  bouillon  the  appearances  may  vary  very  greatly;  thus,  there 
may  be  a  general  turbidity,  or  a  turbidity  with  distinct  granulation, 
or  granulation  alone,  the  fluid  remaining  clear.  There  may  be  more 
or  less  deposit  at  the  foot  of  the  tube,  and  there  may  be  a  pellicle  of 
variable  thickness  on  the  surface,  whether  the  fluid  beneath  be  clear  or 
turbid. 

In  gelatin  the  growth  is  very  scanty,  and  there  is  no  liquefaction 
of  the  medium.    On  the  surface  of  agar  there  is  a  growth  of  small. 
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grejdsli,  isolated  colonies  which  do  not  fuse.  On  coagulated  blood- 
serum  it  grows  somewhat  more  rapidly,  and  appears  in  the  form  of 
small,  opaque,  white  colonies  elevated  above  the  surface  of  the  medium 
and  rounded  in  outline.    Milk  is  not  coagulated. 

Its  optimum  temperature  is  34°-37°  C,  and  its  limits  of  growth 
about  20°-42°  C.  It  is  killed  within  from  5  to  10  minutes  at  60°  C. 
in'  a  moist  condition,  but  in  the  dried-up  substance  of  diphtheritic 
membrane  it  may  resist  a  temperature  of  nearly  100°  C.  (95°  C.  to 
98°  C.)  for  about  an  hour. 

In  dried  diphtheritic  membrane  it  may  remain  alive  and  virulent 
for  three  or  four  months.  And  the  same  statement  holds  for  a  pure 
culture  dried  upon  silk  threads.  In  ordinary  culture  media  it  survives 
for  a  considerable  period,  and  may  be  found  living  after  the  lapse  of 
from  six  to  eighteen  months.  It  is  somewhat  resistant  to  the  action 
of  antiseptics,  but  formaldehyde  and  hydrogen  peroxide  are  specially 
valuable  disinfectants  for  this  organism. 

The  diphtheria  bacillus  produces  a  powerful  toxin.  This  is  best 
prepared  by  growing  the  bacillus  in  bouillon  cultures,  when  it  is  observed 
that  the  reaction  of  the  medium  is  changed  from  alkaline  to  acid  in 
the  course  of  a  few  days,  but  subsequently  again  becomes  alkaline. 
After  three  or  four  weeks'  growth  at  35°  C,  the  fluid  is  filtered  o£E  from 
the  bacteria,  and  is  found  to  possess  a  highly  toxic  action  for  animals. 
The  toxin  is  moderately  susceptible  to  the  action  of  heat,  and  in  a 
moist  condition  rapidly  deteriorates  at  a  temperature  of  60°  C.  It 
is  speedily  rendered  inactive  by  exposure  to  100°  C.  In  a  dried  state 
it  can  withstand  heating  at  100°  C.  for  a  quarter  of  an  hour  without 
appreciable  injury.  The  strength  of  the  toxin  is  usually  tested  on 
guinea-pigs,  and  is  measured  in  multiples  of  the  smallest  dose  which 
kills  a  guinea-pig  weighing  250  grm.  within  three  or  four  days. 

On  subcutaneous  injection  of  the  toxin  into  guinea-pigs  character- 
istic pathological  changes  are  produced,  which  differ  somewhat  accord- 
ing as  a  minimal  lethal  dose  or  less  than  this  amount  is  introduced. 
In  the  former  case  there  is  developed  at  the  site  of  inoculation  in  the 
course  of  a  day  or  two  (if  the  animal  does  not  die  within  this  period) 
an  extensive  and  somewhat  hsemorrhagic  cedematous  infiltration. 

In  the  peritoneal,  pleural,  and  pericardial  cavities  is  usually  found 
a  larger  or  smaller  amount  of  serous  exudation.  In  the  lungs  are  often 
present  areas  of  hsemorrhagic  consolidation,  and  the  suprarenal  capsules 
show  a  deep,  almost  magenta-red  condition  of  congestion,  and  may 
exhibit  interstitial  haemorrhages.  There  are  marked  fatty  changes 
in  most  of  the  parenchymatous  organs. 

Where  a  smaller  dose  of  the  toxin  has  been  given  and  the  animal 
survives,  the  local  infiltration  following  the  injection  may  spread  very 
widely,  and  becomes  very  hard  and  indurated  in  the  course  of  some 
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three  or  four  days.  The  hair  falls  off,  and  a  large  area  of  necrosis 
may  be  produced.  The  ulcer  which  results  from  the  separation  of  the 
dead  material  may  gradually  heal  up,  and  the  animal  then  apparently 
recovers.  But  in  a  number  of  cases  paralytic  symptoms  manifest 
themselves  from  about  the  sixteenth  to  the  twenty-fourth  day,  or 
€ven  later.  The  paralysis  begins  in  the  hind  limbs,  and  spreads 
upwards,  leading  to  the  death  of  the  animal  in  many  instances. 

If  living  cultures  of  the  diphtheria  bacillus  be  inoculated  into 
guinea-pigs,  the  effects  produced  are  very  similar  to  those  which  follow 
the  injection  of  the  bacterium-free  toxin.  The  bacilli  themselves  are, 
with  quite  rare  exceptions,  only  found  at  the  site  of  inoculation,  and 
even  here  they  begin  to  decrease  in  number  after  a  few  days. 

In  man  the  bacilli  are  present  in  great  numbers  in  the  false  membrane 
of  diphtheritic  lesions  in  the  pharynx,  or  wherever  they  are  situated. 
But  their  discovery  in  the  circulation  and  the  internal  organs  is 
extremely  rare.  It  is  important  to  remember  that  quite  virulent 
organisms  may  long  remain  in  the  throat  after  complete  recovery 
from  the  disease,  and  are  not  infi'equently  present  in  the  throats  of 
healthy  persons. 

This  disease,  like  tetanus,  is  a  toxaemia,  and  can  be  combated  by 
the  use  of  antitoxin.  Antitoxic  serums  are  produced  by  the  systematic 
and  repeated  injection  into  the  horse  of  graduated  doses  of  diphtheria 
toxin.  The  antitoxin  was  originally  standardized  by  determining 
the  amount  which  would  protect  a  guinea-pig  of  250  grm.  weight 
against  an  amount  of  toxin  corresponding  to  100  lethal  doses,  and  this 
amount  was  taken  as  the  unit  of  antitoxin.  In  practice  it  is  now  usual 
to  standardize  ail  antidiphtheritic  serums  by  comparison  with  a 
standard  serum  prepared  by  Ehrlich. 

As  a  rule  the  best  serum  contains  about  400  to  800  antitoxin  units 
per  cubic  centimetre.  In  using  it  as  a  therapeutic  agent  in  human 
diphtheria,  not  less  than  4,000  miits  should  be  administered  in  a  single 
dose.  In  severe  cases  it  may  be  necessary  to  give  several  times  this 
amount,  and  the  dose  must  be  repeated  at  frequent  intervals  until 
some  definite  improvement  begins  to  take  place. 

There  is  still  a  tendency,  as  in  the  case  of  tetanus  antitoxin,  to 
administer  the  remedy  in  insufficient  amounts.  This  statement  is 
not  intended  to  imply  that  antitoxic  serum  can  be  given  with  safety 
in  unlimited  quantities,  but  rather  to  emphasize  the  fact  that  at 
present  the  practical  danger  appears  to  lie  in  the  opposite  direction. 

As  a  prophylactic  agent  during  epidemics  of  diphtheria  a  single 
dose  of  about  2,000  units  is  appropriate.  Statistics  show  that  where 
this  method  of  protection  has  been  extensively  employed  among  school 
children,  both  the  incidence  and  the  severity  of  the  disease  are  greatly 
reduced. 
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Pseudo-diphtheria   bacillus  (Hoffmann's  bacillus). 

— This  bacillus,  observed  by  Loffler  in  1887,  and  fully  described  and 
cultivated  by  Hoffmann  in  1888,  is  only  of  importance  in  that  it 
may  sometimes  be  mistaken  for  the  diphtheria  bacillus.  It  is  often 
found  in  the  throats  of  healthy  persons  as  well  as  in  association 
with  diseased  conditions.  The  main  points  of  difference  which  suffice 
to  distinguish  it  from  the  true  diphtheria  bacillus  may  be  enumerated 
as  follows  : — 

It  grows  readily  on  the  same  media  as  the  diphtheria  bacillus, 
but  produces  a  more  luxuriant,  whiter  (with  ultimately  a  yellowish 
tinge),  and  more  opaque  growth. 

It  also  grows  in  gelatin  even  at  18°  C.  In  bouillon  it  produces  no 
acidity  at  any  period  of  its  growth. 

Its  cultures  are  non-virulent  for  guinea-pigs. 

Morphologically  it  is  somewhat  shorter  and  thicker,  and  more 
uniformly  and  deeply  staining,  than  the  diphtheria  bacillus,  and  ex- 
hibits less  variety  of  form  and  size.  When  stained  by  Bie's  or  Neisser's 
method  it  does  not  usually  present  the  Ernst-Babes  granules,  and 
with  the  ordinary  stains  the  beading  or  granulation  of  its  protoplasm 
is  much  less  marked  than  in  the  case  of  true  diphtheria.  It  is,  of 
course.  Gram-positive. 

Where  the  diagnosis  otherwiss  remains  in  doubt  a  guinea-pig 
should  be  inoculated  subcutaneously. 

Bacillus  influenzae — This  bacillus  was  discovered  almost 
simultaneously  by  Pfeiffer,  Kitasato,  and  Canon,  in  1892.  It  was  first 
cultivated  on  artificial  media  by  Pfeiffer,  to  whom  we  chiefly  owe  the 
exact  investigation  of  the  organism. 

The  bacillus  is  of  surgical  interest  as  an  occasional  cause  of  otitis 
media,  of  suppurative  meningitis,  of  appendicitis,  and  of  an  acute 
urethritis  closely  simulating  gonorrhoea. 

It  is  a  tiny  rod  measuring  from  0*5  /i  to  1  or  1'5  /u.  in  length  by 
about  0'2  to  O'S  /u.  in  breadth,  quite  straight,  with  conical  blunt  ends, 
and  usually  arranged  in  pairs  which  are  aggregated  together  into 
larger  or  smaller  masses.  It  is  not  motile,  and  has  no  flagella.  It 
does  not  form  spores. 

It  stains  fairly  well  though  somewhat  faintly  with  the  ordinary 
basic  anihne  dyes,  and  shows  a  tendency  to  exhibit  polar  staining. 
It  is  Gram-negative. 

It  does  not  grow  on  the  ordinary  media  unless  either  blood  or 
haemoglobin  has  been  added.  It  is  strictly  aerobic.  Grown  on  the 
surface  of  blood-agar  at  37°  C,  it  produces  in  about  24  hours  tiny 
discrete,  greyish,  circular  colonies  like  drops  of  dew.  The  colonies 
do  not  fuse,  and  never  exceed  the  size  of  a  pin's  head. 

The  bacillus  does  not  grow  below  25°  C,  and  its  maximum  limit 
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is  about  42°  C.  or  43°  C,  with  an  optimum  at  37°  C.  It  exliibits  very 
low  resistance  to  external  agencies,  and  is  destroyed  in  about  5  minutes 
at  60°  C.  When  dried  up  it  dies  in  less  than  24  hours,  and  in  fluid 
media  is  equally  susceptible,  though  in  moist  sputum  it  may  live  for 
as  long  as  from  10  to  14  days.  In  culture  it  must  be  transplanted 
every  second  day  to  ensure  its  continued  growth. 

Bacillus  pestis  (Plague  bacillus). — This  organism  (Plate 
6,  Fig.  4),  discovered  independently  by  Yersin  and  Kitasato  in  1894, 
is  only  of  surgical  interest  in  connexion  with  the  buboes  which  are 
formed  in  ordinary  cases  of  bubonic  plague. 

It  is  an  oval,  rod-shaped  organism  with  rounded  ends,  of  rather 
variable  size,  very  similar  in  appearance  to  Ducrey's  bacillus,  and 
measuring  about  l'5-2  ^  long,  by  0'5-0'7  jx  wide.  It  is  not  motile, 
and  has  no  flagella.  It  does  not  form  spores.  Sometimes,  especially 
in  films  from  pathological  material,  it  presents  the  appearance  of  a 
definite  capsule. 

It  stains  readily  with  the  ordinary  basic  aniline  dyes,  and  exhibits 
marked  polar  staining.    It  is  Gram-negative. 

It  grows  well  on  all  ordinary  media  at  the  body  temperature,  and 
growth  continues  down  to  5°  C.  or  6°  C.  ;  its  optimum  is  between  25°  C. 
and  30°  C,  and  its  maximum  about  42°  C.  or  43°  C. 

In  bouillon  it  produces  a  fine  granular  or  slightly  flocculent  deposit, 
and  there  may  be  a  slight  turbidity  of  the  medium.  If  a  little  oil  be 
placed  upon  the  surface  of  the  bouillon  a  somewhat  characteristic 
appearance  is  produced  by  the  formation  of  "  stalactites  "  of  growth 
extending  downwards  from  the  drops  of  oil.  In  films  from  bouillon 
cultures  the  organism  is  present  in  long  chains. 

On  the  surface  of  agar  there  appears  a  continuous  line  of  whitish 
growth,  smooth  and  transparent,  and  exhibiting  an  irregular  or  wavy 
margin.  The  centre  of  the  streak  assumes  a  darker  tinge  and  becomes 
brownish-grey.    Gelatin  is  not  liquefied. 

Involution  forms  are  rapidly  produced  in  great  variety  in  artificial 
cultures  of  this  organism. 

Bacillus  pyocyaneus — The  bacillus  of  "blue"  (bluish-gr.iai) 
pus  was  first  isolated  by  Gessard  in  1882  ;  its  pigment,  pyocyanin, 
had  already  been  separated  from  blue  pus  by  Fordos  in  1860. 

The  organism  is  a  tiny  slender  rod  with  rounded  ends,  of  very 
variable  length,  measuring  from  0'6  to  2  or  3  fx,  and  even  up  to 
6  fjb  in  length,  by  0-3-0-6  /i.  in  breadth.  It  is  very  highly  motile, 
and  exhibits  a  single  terminal  flagellum.    It  does  not  form  spores. 

It  stains  readily  with  aqueous  solutions  of  the  ordinary  basic 
aniline  dyes.    It  is  Gram-negative. 

It  is  strongly  aerobic,  but  a  facultative  anaerobe.  When  grown 
aerobically  it  rapidly  produces  a  highly  fluorescent  blue-green  colouring 
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matter  which  becomes  diffused  into  the  surrounding  medium,  but 
imder  anaerobic  conditions  the  growth  remains  completely  colourless. 

The  bacillus  grows  readily  on  all  the  ordinary  media  producing 
pigment.  In  bouillon  it  produces  a  surface  pellicle  and  marked  tur- 
bidity of  the  medium,  with  a  dense  and  more  or  less  tenacious  deposit 
at  the  foot  of  the  tube.  The  fluid  becomes  greenish  and  distinctly 
fluorescent. 

In  gelatin-stab  a  cone  of  liquefaction  is  produced  containing  turbid 
growth  at  the  apex  of  the  cone,  and  the  surrounding  medium  assumes 
a  greenish  tinge. 

On  agar  there  appears  a  fairly  abundant,  slimy,  somewhat  wrinkled, 
greyish  layer  of  growth  accompanied  by  pigmentation  (green),  and 
marked  fluorescence  of  the  medium. 

Milk  is  coagulated  in  the  course  of  several  days,  and  subsequently 
the  coagulum  is  again  liquefied. 

On  potato  the  bacillus  produces  a  copious,  shmy,  slightly  oUve- 
tinted  brown  layer,  and  might  readily  be  mistaken  on  this  medium 
for  the  Bacillus  mallei. 

The  organism  is  common  as  a  saprophyte  upon  the  skin,  in  the 
mouth,  and  in  the  intestinal  tract.  It  has  very  little  importance  as 
regards  pathogenetic  action  in  the  human  subject,  though  in  am'mals 
(especially  in  rabbits)  it  produces  suppuration  when  inoculated  ex- 
perimentally, and  in  sufficient  doses  leads  to  the  development  of  a 
spreading  ha;morrhagic  oedema,  and  a  condition  of  general  septicaemia. 
In  pre-antiseptic  days  it  was  commonly  met  with  as  a  secondary 
infection  in  suppurating  wounds,  causing  the  pus  and  even  the  bandages 
and  dressings  to  assume  a  blue-green  colour. 

Bacillus  typhosus  (Eberth-Gaffky  bacillus).  —  The 
Bacillus  typhosus  (Plate  7)  was  observed  by  Eberth  in  1880,  in  the  spleen 
and  in  the  intestinal  lesions  in  cases  of  typhoid  fever.  Shortly  after- 
wards its  presence  was  demonstrated  in  stained  sections  by  Koch. 
It  was  isolated  in  pure  culture  by  Gafiky  in  1884. 

It  is  of  surgical  interest  as  an  occasional  cause  of  abscesses  occurring 
in  the  course  of  typhoid  fever  or  during  convalescence. 

It  somewhat  closely  resembles  the  Bacillus  coli,  the  chief  points 
of  difference  being  the  following  :  It  is  more  rapidly  motile,  and  has 
much  longer  and  more  numerous  flagella  (10-12),  which  are  peri- 
trichate.  It  grows  rather  less  freely  on  all  media,  and  its  cultures 
are  less  dense,  less  granular,  and  more  translucent  than  those  of  the 
Bacillus  coli.  On  the  surface  of  potato  it  forms  only  a  very  delicate 
colourless  film.    In  stab-  or  shake-cultures  it  never  produces  any  gas. 

Another  member  of  the  same  group,  the  Bacillus  paratypJiosus,  is 
morphologically  indistinguishable  from  the  Bacillus  typJiosus,  and  pro- 
duces similar,  though  usually  somewhat  milder,  pathological  conditions. 


Fig.  1. — Bacillus  typhosus  Iroui  pure  culture,  showini*  long 
filamentous  forms.    Stained  with  carbol-luchsin.    /.  900. 


Fig.  2. — Bacillus  typhosus  in  section  ol  intestinal  ulcer.  Stained 
by  Pappenheim's  method.     \  900. 


Plate  7. 


Fig.  ]. — Bacillus  tuberculosis  in  section  of  liver.    Stained  with  carbol-fuchsin 
and  malachite  green  (Ziehl-Neelsen's  method).     X  1,200. 


Fig.  2. — Bacillus  tuberculosis  in  sputum.  Stained         Fig.  3. — Bacillus  tuberculosis  in  section  of  lung, 
with    carbol-fuchsin    and    malachite    green  Stained  with  carbol-fuchsin  and  malachite 

(Ziehl-Neelsen's  method).    X  850.  green  (Ziehl-Neelsen's  method).    X  SCO. 


Plate  8. 


BACILLUS  TYPHOSUS 


79 


In  order  to  differentiate  between  the  Bacillus  coli,  the  Bacillus 
typhosus,  and  the  Bacillus  -paratijphosus,  cultures  must  be  made  on 
special  media,  and  the  agglutination  test  with  Imown  agglutinating 
serums  must  be  employed  where  the  diagnosis  otherwise  remains 
in  doubt. 

The  following  are  the  chief  points  of  diagnostic  value  : — 

Milk  is  coagulated  by  the  Bacillus  coli,  with  the  production  of  an 
acid  reaction,  but  not  by  B.  typhosus  or  B.  paratyphosus. 

On  potato  the  B.  coli  usually  produces  a  brownish-coloured  growth, 
B.  typhosus  and  B.  paratyphosus  a  colourless  film. 

In  lactose  bouillon  (previously  freed  from  dextrose)  B.  coli  yields 
an  abundant  gas-formation  and  acidifies  the  medium,  while  B.  typhosus 
and  B.  paratyphosus  form  no  gas. 

In  dextrose  media  the  B.  coli  and  the  B.  paratyphosus  cause  fermen- 
tation of  the  sugar  and  the  formation  of  gas,  while  the  B.  typhosus 
gives  no  gas-formation. 

In  neutral  red  lactose  bouillon  (Dreyer  and  Fitz-Gerald),'  within 
the  first  twenty-four  hours  at  37°  C,  the  B.  coli  turns  the  medium  to 
a  pinkish-yellow  colour  and  produces  fluorescence.  The  B.  typhosus 
changes  the  original  iron-red  colour  to  a  deep  magenta-red,  and  the 
B.  paratyphosus  renders  the  medium  bright  yellow.  After  from 
four  to  six  days  at  the  same  temperature,  the  culture  of  B.  coli  has 
assumed  a  cherry-red  or  even  a  magenta-reddish  hue,  that  of  the 
B.  typhosus  has  become  yellow,  that  of  B.  paratyphosus  remaining 
also  yellow.  No  further  change  occurs,  however  long  the  incubation 
of  the  cultures  is  continued.  This  test  affords  a  simple  and  quite 
certain  means  of  differentiating  between  tlie  three  organisms  in 
question. 

Other  members  of  this  extensive  group  of  bacteria,  such  as  the 
Bacillus  lactis  aerogenes  (Gartner)  and  the  Bacillus  dysenterice  (both 
Shigas's  and  Flexner's),  are  not  of  sufficient  importance  from  a  surgical 
standpoint  to  require  description  here.  In  culture  they  resemble 
the  Bacillus  typhosus,  but  according  to  some  authorities  Gartner's 
bacillus  differs  from  it  in  fermenting  lactose,  while  the  Bacillus  dysen- 
terice, though  never  producing  gas  in  media  containing  sugars,  gives  a 
dark-grey  or  red-brown  growth  upon  potato,  thus  distinguishing  itself 
from  tlie  Bacillus  typhosus. 

Bacillus  tuberculosis  (tubercle  bacillus).^ — The  dis- 
covery of  the  tubercle  bacillus  (Plate  8)  was  announced  by  Koch  in  1882. 
But  from  very  early  times  tuberculosis  had  been  regarded  as  an 
infectious  disease  (Isocrates,  etc.),  and  in  the  Middle  Ages  the  danger 
of  infection  from  the  handling  of  tuberculous  material  was  clearly 

1  Ordinary  veal  bouillon,  to  which  are  added  3  per  cent,  of  lactose  and  0  5  per 
cent,  of  1  per  cent,  aqueous  solution  of  neutral  red  (Griibler). 
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recognized,  so  that  Valsalva  and  Morgagni  were  unwilling  to  perform 
autopsies  on  individuals  who  had  died  of  phthisis. 

VillemLn  (1865)  was  the  first  to  prove  conclusively  that  the  in- 
oculation of  tuberculous  material  into  rabbits  invariably  led  to  the 
development  of  tuberculosis  in  the  animals  in  question,  and  that  the 
introduction  of  dried  phthisical  sputum  into  their  air-passages  resulted 
in  tuberculosis  of  the  lung.  These  observations  were  extended  and 
abimdantly  confirmed  by  the  work  of  Armanni,  of  Burdon-Sanderson, 
and  especially  of  Cohnheim  and  Salomonsen.  But  it  was  not  imtil 
the  publication  by  Koch,  in  1884  (following  his  earlier  announcement 
of  the  discovery  of  the  tubercle  bacillus  in  1882),  of  his  masterly  and 
brilliant  researches  into  the  etiology  of  tuberculosis,  that  it  was  made 
known  that  the  bacillus  had  been  isolated  in  pure  culture  on  artificial 
media,  that  on  inoculation  into  animals  it  had  produced  the  typical 
disease,  and  had  again  been  isolated  in  pure  culture  from  the  lesions 
which  resulted,  thus  finally  and  fully  establishing  both  the  identity 
and  the  specificity  of  the  micro-organism  in  question. 

The  bacillus  is  a  thin,  rod-shaped  organism,  straight  or  sUghtly 
curved  along  its  length,  or  even  somewhat  S-shaped,  and  often  of  a 
remarkably  irregular  outline.  It  varies  considerably  in  length,  and 
measures  about  2-4  fju  long,  by  0'2  /u.  wide.  In  old  cultures  and 
in  pathological  material  (e.g.  sputum)  the  bacilli  commonly  exhibit 
very  marked  vacuolation,  which  produces  an  appearance  of  beading 
in  stained  specimens,  and  may  even  simulate  a  short  chain  of  strep- 
tococci, owing  to  the  fact  that  the  vacuoles  do  not  take  up  the  stain. 

The  organism  is  not  motile,  and  has  no  flagella.  It  does  not  form 
spores. 

It  does  not  stain  readily  with  watery  solutions  of  the  ordinary 
basic  aniline  dyes,  but  requires  sjjecial  methods  of  staining  based  on 
the  use  of  mordants,  as  in  Ziehl-Neelsen's  method,  in  Gram-staining, 
etc.  When  it  has  once  been  stained  it  retains  the  dye  with  very  great 
persistence,  owing  to  the  peculiar  nature  of  its  envelope,  which  contains 
a  wax-like  substance  having  special  characters. 

It  is  a  strictly  aerobic  organism,  but  it  will  not  grow  on  the  ordinary 
media  when  freshly  recovered  from  tuberculous  material,  unless  about 
6  per  cent,  glycerine  be  added  to  them.  It  can  be  grown  on  the  surface 
of  blood-serum  or  serum-agar,  but  even  in  these  cases  the  addition 
of  glycerine  greatly  increases  the  value  of  the  media,  and  this  sub- 
stance should  never  be  omitted  in  attempting  to  isolate  the  organism 
from  animal  tissues. 

In  glycerine-bouillon  it  grows  only  on  the  surface,  leaving  the  under- 
lying fluid  clear,  and  slowly  forms  a  pellicle,  which  in  the  course  of 
about  five  or  six  weeks  develops  into  a  thick  and  wrinkled,  dry  and 
waxy-looking  membrane  of  a  greyish-yellow  colour.    The  culture 
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produces  a  peculiar  and  distiuctive  aromatic  smell  something  like  that 
of  fresh  honey. 

On  glycerine-agar  or  on  glycerine-serum  the  growth  begins  to  appear 
in  about  10-14  days  in  the  form  of  fine,  dry  scales,  which  gradually 
spread  over  the  surface  of  the  medium.  The  film  becomes  thicker, 
and  begins  to  wrinkle,  and  in  the  course  of  several  weeks  presents  a 
heaped-up,  corrugated,  flaked,  and  broken  mass  of  somewhat  wax-like 
greyish-yellow  or  even  slightly  orange-coloured  growth. 

On  glycerine-potato  the  organism  presents  a  similar  appearance,, 
though  the  growth  is  rather  more  rapid  and  is  usually  more  highly 
pigmented. 

Its  optimum  temperature  is  about  37°  C,  and  its  limits  of  growth 
are  from  about  30°  C.  (22°  C.  or  23°  C.  under  special  conditions)  to 
42°  C. 

In  a  moist  condition  it  is  killed  in  culture  within  from  5  to  10 
minutes  at  80°  C,  but  in  sputum  and  other  tuberculous  material  at 
least  5  minutes'  boiling  is  required  to  destroy  it  with  certainty. 

In  a  dried  condition  it  may  remain  alive  and  virulent  for  at  least 
a  year.  On  glycerine  media  its  cultures  live  for  about  six  months, 
but  will  certainly  be  dead  within  eight  months  to  a  year.  For  ordinary 
purposes  carbolic  acid  is  the  best  disinfectant  of  tuberculous  material, 
while  corrosive  sublimate  is  relatively  inefficient  in  destroying  the 
bacilli  in  sputum  and  similar  vehicles  of  infection.  The  disinfection 
of  sputum  is  most  satisfactorily  carried  out  by  the  addition  of  about 
double  its  volume  of  5  per  cent,  carbolic-acid  solution.  Incidentally 
this  procedure  also  improves  the  subsequent  Ziehl-Neelsen  staining  of 
the  bacilli.  Direct  sunlight  rapidly  destroys  the  tubercle  bacillus, 
and  is  one  of  the  most  efficient  factors  in  helping  to  render  it  innocuous 
in  nature,  especially  where  it  is  present  in  a  dried  condition,  as,  for 
instance,  in  dust. 

The  products  of  the  organism  are  of  interest  owing  to  the  repeated 
attempts  which  have  been  made  to  employ  them  in  various  prepara- 
tions for  the  treatment  of  tuberculous  lesions  in  the  human  subject, 
and  for  the  diagnosis  of  tuberculosis.  These  attempts  have  not  at 
present  led  to  clear  and  satisfactory  results  in  treatment,  though  a. 
number  of  successful  cases  are  being  recorded  by  observers  who  main- 
tain that  tuberculin  as  now  employed  yields  results  of  undoubted 
value  in  particular  forms  of  tuberculous  infection.  As  a  diagnostic 
agent  its  value  is  certainly  beyond  all  question. 

As  first  made  known  by  Koch  in  1891,  tuhercuUn  consisted  of 
glycerine-bouillon  cultures  of  the  bacillus  from  six  to  eight  weeks  old,, 
which  were  evaporated  to  xV'^h  their  volume  in  a  water-bath  at  90°  C. 
The  bacilli  were  killed  in  the  course  of  this  procedure,  and  were  sub- 
sequently filtered  off.    The  fluid  remaining  was  diluted  and  employed 
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in  the  ireatment  of  tuberculosis.  But  tlie  results  obtained  entirely 
lailed  to  justify  the  hopes  which  had  been  formed,  and  the  use  of  the 
tuberculin  was  generally  abandoned,  except  for  diagnostic  purposes. 
For  diagnosis  it  is  still  made  use  of  in  cattle,  and  also,  to  a  certain 
extent,  especially  on  the  Continent,  in  the  human  subject.  It  forms  a 
most  valuable  and  reliable  diagnostic  agent.  The  diagnosis  rests  on  the 
temporary  rise  in  temperature  of  2°  or  3°  F.  (about  1°  C.)  occasioned 
in  a  tuberculous  individual,  but  not  in  a  normal  healthy  subject,  by 
the  subcutaneous  injection  of  a  small  quantity  of  tuberculin  (^-1  mg. 
in  man,  30-40  eg.  in  cattle). 

Other  tuberculins  containing  more  or  less  of  the  actual  substance  of 
triturated  tubercle  bacilli  were  subsequently  prepared  and  investigated 
by  Koch  under  the  names  tuberculin-0  and  tuberculin-R,  and  most 
recently  a  "  New  Tuberculin,"  which  consists  of  an  emulsion  of  dried 
tubercle  bacilli  ground  up  and  suspended  in  equal  parts  of  glycerine 
and  water,  and  contains  5  mg.  of  pulverized  dry  tubercle  bacilli  per 
cubic  centimetre. 

Tuberculin-O  was  obtained  by  grinding  up  dried  tubercle  bacilli 
from  young  cultures,  washing  with  water  and  centrifugalizing.  The 
clear  fluid  separated  by  decantation  was  tuberculin-0.  The  deposit 
was  again  dried,  ground,  washed,  and  centrifugaHzed,  the  fluid  was 
separated  by  decantation,  and  the  whole  process  repeated  until  no 
deposit  remaiued.  All  the  fluids  (except  the  tuberculin-0)  were  now 
mixed  together,  and  the  mixtme  constituted  the  tuberculin-R.  It 
will  thus  be  seen  that  "  New  Tuberculin  "  contains  both  tuberculin-0 
and  tuberculin-R. 

Tuberculin-R  is  still  employed  for  the  treatment  of  tuberculosis 
in  man,  but  Koch  advises  the  employment  of  the  New  Tuberculin  for 
this  purpose.  For  diagnostic  inoculations,  Old  Tuberculin — that  is 
to  say,  Koch's  original  preparation — should  always  be  used. 

The  investigation  of  the  specific  tubercle  toxins  has  not  at  present 
led  to  any  very  definite  conclusions.  They  appear  to  be  found  both 
in  the  fluids  of  culture  media  and  in  the  substance  of  the  bacilli  them- 
selves. But  it  is  impossible  to  say  how  far  their  presence  in  the  culture 
fluids  is  due  to  the  disintegration  of  bacilli  which  have  died  and  become 
Ibroken  up  in  the  fluid,  rather  than  to  their  excretion  by  the  living  bacilli, 
or  to  processes  induced  in  the  medium  by  the  excretion  of  specific 
ferments  formed  by  the  micro-organisms. 

Many  attempts  have  been  made  to  produce  tubercle  antitoxins, 
and  to  induce  the  development  of  immunity  against  the  tubercle 
bacillus  in  animals  by  injection  of  a  variety  of  preparations  either  of 
the  micro-organism  itself  or  of  its  products.  Hitherto  these  attempts 
ihave  failed  to  yield  any  decisive  results. 

;The  method  of  vaccination  with  tuberculin  is  now  being  made  use 


Fig.  1. — -Bacillus  coli  from  pure  culture.    Stained  with  carbo!- 
fiichsin.    X  750. 


Fig.  2. — Actinomyces  from  pure 
culture.  Stained  by  Gram's 
method.  750. 


Fig.  3.  —  Actinomyces  in  section 
of  kidney.  Stained  by 
Gram's  method.  300. 


Fig.  4. — Spirochii^te  pallida  in  section  of  suprarenal  capsule.  Very 
numerous.    Stained  by  Levaditi's  method.  750. 


Plate  9. 
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of  somewhat  extensively  in  the  treatment  of  tuberculosis  in  the  human 
subject.    Its  value  is  discussed  in  the  succeeding  article. 

For  the  diagnosis  of  doubtful  tuberculosis,  animal  inoculation  is 
of  prime  importance.  The  suspected  material  should  be  introduced 
beneath  the  skin  of  a  guinea-pig,  preferably  on  the  outer  aspect  of 
the  upper  part  of  the  thigh.  This  situation  ensures  the  early  infec-- 
tion  of  the  inguinal  glands  if  living  tubercle  bacilli  be  present.  The 
animals  used  must  be  laiown  beforehand  to  be  free  from  tuberculosis, 
and  must  be  in  good  condition.  Two  guinea-pigs  should  be  employed 
for  each  specimen  of  material  to  be  tested,  and  they  should  be  weighed 
and  examined  at  least  once  a  week.  If  the  material  inoculated  contains 
living  tubercle  bacilli,  a  diagnosis  can  usually  be  made  in  from  six  to 
eight  weeks,  by  which  time  typical  tuberculosis,  with  marked  loss  of 
weight  and  other  general  signs,  will  have  developed  in  the  majority 
of  cases.  But  if  not,  one  of  the  guinea-pigs  should  be  killed  at  the 
end  of  two  months,  and  carefully  examined  for  tuberculosis.  If  it  is 
found  to  be  quite  free,  a  provisional  negative  diagnosis  may  be  given, 
but  the  second  guinea-pig  must  be  kept  luider  observation  for  at  any 
rate  six  months,  as  cases  are  Imown  in  which  the  typical  disease 
eventually  developed,  although  no  signs  whatever  were  present  at  the 
end  of  the  first  two  or  three  months. 

Bacillus  coli  communis  (Bacterium  coli  commune). — 
The  colon  bacillus  (Plate  ',),  Fig.  1)  was  discovered  Ijy  Escliericli  in  l^Sb, 
following  the  isolation  of  the  Bacillus  typhosus  by  Gaffky  in  1884.  It 
is  a  normal  saprophyte  in  the  intestine,  but  under  various  conditions, 
including  any  inflammation  of  the  intestinal  wall,  it  may  escape  from 
the  alimentary  canal  and  exercise  pathogenetic  action  in  the  tissues, 
especially  in  the  neighbourhood  of  the  intestine,  in  the  peritoneum, 
and  in  the  uro-genital  apparatus. 

The  bacillus  is  a  rod-shaped  organism,  straight  or  slightly  curved, 
with  rounded  ends,  of  very  variable  size  under  different  cultural  con- 
ditions, but  measuring  on  an  average  about  2-4  (limits  1-5  /j,)  long, 
by  0'4-0'7  /J.  wide.  It  is  highly  motile,  and  has  rather  short  flagella  ; 
it  does  not  form  spores,  and  does  not  usually  exhibit  any  capsule. 

It  stains  readily  with  aqueous  solutions  of  the  ordinary  basic  aniline 
dyes,  both  in  dried  films  and  in  wet  jjreparations.    It  is  Gram-negative. 

The  organism  is  aerobic,  and  a  facultative  anaerobe.  It  grows 
well  on  the  ordinary  media. 

In  bouillon  it  rapidly  produces  a  thick  uniform  turbidity  and  a 
heavy  deposit.    A  pellicle  may  be  formed  upon  the  surface. 

In  gelatiu-stab  it  grows  freely  along  the  puncture,  and  produces 
gas.  It  spreads  over  the  surface  of  the  medium,  forming  a  slimy, 
greyish,  somewhat  iridescent  film.  There  is  no  liquefaction  of  the 
gelatin. 
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On  the  surface  of  agar  the  bacillus  forms  a  luxuriant,  yellowish- 
white,  shiny,  iridescent,  slimy-looking  film. 

On  potato  there  appears  a  browTiish  layer  of  growth. 

Milk  is  coagulated  within  two  or  three  days,  and  becomes  acid. 

The  bacillus  is  capable  of  fermenting  a  number  of  sugars  with  a 
production  of  acid  and  gas.  It  belongs  to  a  large  group  of  closely 
allied  organisms  which  includes  the  B.  typhosus,  B.  paratyphosus, 
B.  dysenteries.  The  cultural  differentiation  of  these  micro-organisms 
is  described  briefly  under  B.  typhosus. 

The  optimum  temperature  of  the  bacillus  coli  is  about  37°  C,  and 
its  limits  of  growth  from  about  6°  C.  or  8°  C.  to  about  46°  C.  or  48°  C. 
It  is  killed  in  from  10  to  15  minutes  at  60°  C.  in  fluid  suspension.  Against 
the  effects  of  drying  it  possesses  a  moderate  resistance,  varying  with 
the  nature  of  the  vehicle  in  which  it  is  contained.  Upon  silk  threads 
it  may  remain  alive  for  several  months  in  a  dried  condition,  while  on 
a  smooth  surface  such  as  that  of  glass  it  lives  only  a  few  days. 

In  culture  it  survives  for  many  months  without  transplantation. 
It  is  more  resistant  to  the  action  of  most  chemical  disinfectants  than 
the  other  members  of  the  group,  and  particularly  than  the  B.  typhosus. 
One  per  cent,  carbolic  acid  kills  it  within  10  minutes,  and  J  per  cent, 
carbolic,  acid  in  about  60  minutes,  while  the  B.  typhosus  is  destroyed 
in  30  minutes  at  this  latter  concentration. 

On  inoculation  subcutaneously  into  animals  in  moderate  doses  it 
produces  local  abscesses,  especially  in  rabbits  and  guinea-pigs.  In 
larger  amounts  it  may  give  rise  to  general  septicjemia  and  death. 
Immunity  is  readily  evoked  by  the  repeated  inoculation  of  small  doses 
of  the  bacillus  in  increasing  quantities. 

In  the  human  subject  it  may  give  rise  to  various  suppurative  in- 
flammations and  chronic  catarrhal  affections  under  the  conditions 
previously  mentioned. 

Bacillus  leprae  (leprosy  bacillus). — This  bacillus  was 
discovered  by  Armauer  Hansen,  who  first  recorded  his  discovery 
in  1872.  In  1879,  Hansen  and  Neisser  independently  succeeded  in 
staining  the  bacillus  in  the  tissues,  and  it  is  now  accepted  as  the  cause 
of  leprosy.  Quite  recently,  Twort  appears  to  have  succeeded  in 
cultivating  it.   Inoculation  into  animals  produces  no  definite  effects. 

The  bacillus  is  a  rod-shaped  organism  very  similar  to  the  tubercle 
bacillus  in  appearance,  but  straighter,  and  possessing  somewhat 
pointed  ends.  It  measures  about  5-6  yu.  in  length,  by  about  0'2-0"4  fi 
in  breadth. 

Its  staining  reactions  are  like  those  of  the  tubercle  bacillus,  the 
organism  being  acid-fast  and  also  Gram-positive.  Tissues  should  be 
fixed  in  alcohol  or  in  corrosive  sublimate  to  ensure  satisfactory  staining 
by  Ziehl-Neelsen's  method,  as  otherwise  (in  tissues  fixed  in  formaliUf 
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for  example)  the  bacillus  will,  like  the  tubercle  bacillus,  not  take  up 
the  stain  so  readily,  and  may  lose  it  again  in  the  process  of  decoloriza- 
tion.  This  fact  probably  accounts  for  the  statement  sometimes  made 
that  the  Bacillus  leprce  is  less  acid-fast  than  some  of  the  other  members 
of  the  group. 

The  bacillus  is  present  in  considerable  numbers  in  the  cells  of 
leprous  lesions,  and  is  also  found  in  the  lymphatic  spaces  of  the  tissue. 
In  the  cells  the  bacilli  are  arranged  in  little  groups  of  individuals  lying 
parallel  to  each  other,  and  these  groups  cross  one  another  in  various 
directions,  producing  an  appearance  which  is  somewhat  characteristic. 

Actinomyces  (ray  fungus) — This  micro-organism  (Plate  9, 
Figs.  2  and  3)  was  discovered  in  the  ox  by  Bollinger  in  1877,  and  in  the 
following  year  Israel  described  it  in  the  human  subject,  the  identity  of 
the  two  being  established  by  the  observations  of  Ponfick. 

It  appears  in  the  form  of  a  mycelium  composed  of  interlacing 
threads  of  leptothrix-like  growth  which  exhibit  true  branching. 

In  pure  culture  the  organism  presents  a  mycelium  of  this  character 
whose  branches  are  given  off  at  various  angles,  and  jaroduce  a  felted 
network  of  threads,  which  may  or  may  not  exhibit  definite  segmentation. 
As  the  age  of  the  growth  increases,  segmentation  becomes  definite 
and  marked,  and  the  threads  may  even  assume  the  appearance  of  a 
row  of  cocci.  The  threads  are  usually  about  0-4-0-6  fi  wide.  Under 
moderately  anaerobic  conditions  clubs  "  may  ajjpear  upon  the  ends 
of  the  terminal  branches,  but  only  in  2)articular  varieties  of  the 
fungus. 

In  the  living  body  the  ajJi^earances  are  somewhat  different  from 
those  seen  in  cultures,  and  in  the  human  subject  they  differ  from  those 
observed  in  animals.  In  man  the  organism  is  usually  found  in  the 
pus  obtained  from  abscesses  in  various  organs  and  bone-lesions,  while 
in  cattle  it  is  more  commonly  contained  in  fibrous  nodules  of  a  chronic 
inflammatory  character,  though  abscesses  may  also  occur  in  these 
animals.  In  the  pus  are  seen  a  number  of  tiny  sulphur-yellow  or 
greyish  granules,  0"2  mm.  to  1  mm.  or  more  in  diameter,  whicli  on 
examination  are  found  to  consist  of  a  closely  interwoven  mycelium 
presenting  characteristic  club-shaped  swellings  of  the  extremities  of 
the  threads  around  the  periphery  of  the  colony.  The  clubs  stain  dif- 
ferently from  the  rest  of  the  colony,  and  the  mycelial  threads  can  then 
be  seen  to  pass  right  up  the  axis  of  the  clubs,  which  surrounds  them  in 
the  manner  of  a  swollen  terminal  sheath.  Sometimes  the  extremity  of 
the  thread  witliin  the  club  is  pointed,  but  in  other  cases  it  may  be 
distinctly  bulbous. 

Somewhat  similar  appearances  are  seen  in  the  fibrous  nodules  found 
in  cattle,  the  colony  exhibiting  a  more  or  less  mulberry-like  and  granu- 
lated aspect  in  the  mass,  and  on  section  a  radiating  series  of  blunt 
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wedges  projecting  outwards  from  the  central  network  and  widening 
as  they  pass  towards  the  periphery. 

The  actinomyces  is  not  motile,  it  has  no  flagella,  and  it  does  not 
form  true  spores. 

It  stains  readily  with  watery  solutions  of  the  ordinary  basic  aniline 
dyes.  It  is  Gram-positive.  But  the  clubs  take  the  counterstain 
in  sections  from  tissues,  and  are  particularly  well  seen  if  eosin,  acid 
fuchsin,  or  saffronin  be  used  for  the  purpose. 

The  organism  is  aerobic,  and  a  facultative  anaerobe.  But  some 
varieties  described  appear  to  be  almost  completely  anaerobic.  It  is 
somewhat  difficult  to  isolate  in  pure  culture  from  diseased  tissues. 

In  bouillon  it  appears  in  the  form  of  little  granular  balls  of  various 
sizes,  with  an  irregular  and  prickly-looking  outline.  These  fall  to 
the  bottom  of  the  tube  as  a  deposit,  leaving  the  fluid  clear. 

On  the  surface  of  agar  it  forms  in  about  a  week  or  ten  days  a  series 
of  more  or  less  separate,  roughly  circular  little  masses  of  heaped-up 
growth,  of  a  greyish-yellow  colour,  somewhat  flaky  on  the  surface, 
each  colony  frequently  exhibiting  a  central  dimple  and  the  appear- 
ance of  concentric  rings  of  irregular  and  somewhat  granulated  growth. 
The  mycelial  threads  penetrate  beneath  the  surface  of  the  medium, 
and  the  culture  is  therefore  somewhat  firmly  adherent. 

The  optimum  temperature  of  the  micro-organism  is  35°-37°  C, 
and  its  limits  of  growth  are  in  some  strains  from  30°  C.  to  about  42°  C, 
but  in  other  varieties  growth  occm-s  as  low  as  15°  C,  or  even  lower. 

The  clinical  term  actinomycosis  probably  includes  a  number  of 
different  but  very  similar  infections,  in  which  the  causal  agents  may  be 
either  one  or  other  of  several  different  varieties  of  actinomyces,  or 
may  be  one  of  the  less  familiar  streptothricefe.  The  commonest 
variety  of  actinomyces  in  the  human  subject  only  grows  in  artificial 
culture  above  about  30°  C,  and  shows  a  marked  preference  for  anaerobic 
conditions  (Israel  and  Wolf,  J.  H.  Wright),  while  the  Actinomyces  hovis 
(Bostrom),  for  example,  will  grow  on  gelatin,  which  it  slowly  liquefies 
even  at  15°  C,  and  is  distinctly  an  aerobic  form,  though  it  is  also  a 
facultative  anaerobe. 

Some  varieties  of  actinomyces  carry  on  a  saprophytic  existence 
outside  the  body  on  the  awns  of  barley  and  on  other  graminacese, 
and  thus  infect  the  mouths  of  animals  which  eat  them.  Infection 
may  also  be  conveyed  through  wovmds  and  accidental  scratches. 

In  recent  years  different  varieties  of  streptothrix  have  been  isolated 
in  pure  culture  from  a  considerable  number  of  cases  of  clinical  actino- 
mycosis both  in  man  (Foulerton  and  Price-Jones,  etc.)  and  in  a 
number  of  the  lower  animals.  They  have  been  investigated  more 
especiall}^  by  Nocard,  and  the  whole  group  may  be  spoken  of  as 
Nocardiacefe. 
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Mycetoma  (Streptothrix   madurae,  madura  foot). — 

Madura  disease  is  somewhat  closely  allied  to  actinomycosis  both  in 
the  general  characters  of  its  naked-eye  appearance  and  in  the  presence 
of  the  fungus  in  the  form  of  visible  granules  in  the  pus  and  degenerated 
tissues  of  the  lesions.  The  pathological  changes  which  occur  are  due 
to  an  organism  met  with  in  two  varieties,  the  one  producing  yellowish 
granules,  the  other  black  ones.  The  form  producing  yellow  granules  is 
a  streptothrix  ;  the  black  variety  is  said  by  J.  H.  Wright  to  be  a 
hyphomycete,  and  is  a  good  deal  rarer  than  the  yellow  form.  Mixed 
infection  with  the  two  varieties  may  be  met  with. 

In  the  pale  (yellow)  variety  the  granules  exhibit  on  examination 
a  mycelial  network  similar  to  that  observed  in  actinom  v'cosis,  and  may 
present  some  degree  of  clubbing  at  the  ends  of  the  threads. 

The  organism  has  been  grown  on  gelatin  and  on  agar,  and  is  aerobic. 
It  forms  rounded  and  elevated  but  flattened  yellow  colonies,  which 
upon  agar  may  assume  a  reddish  tinge.  It  does  not  liquefy  gelatin. 
It  grows  more  freely  than  the  actinomyces,  and  can  be  cultivated 
down  to  6°  or  8°  C.  ;  its  optimum  is  about  37°  C.    It  is  Gram-positive. 

The  black  variety  grows  well  on  ordinary  media,  forming  a  thick 
mycelial  network  upon  which  black  granules  may  ajspear  as  the  culture 
gets  old.    It  is  Gram-positive. 

In  the  case  of  both  varieties,  animal  inoculation  has  given  negative 
results. 

Spirochgete  pallida  (Treponema  pallidum).  —  This 
organism  (Plate  9,  Fig.  4)  was  discovered  in  19U5  by  Scliaudinn  in  the 
mucous  patches  in  a  case  of  secondary  syphilis.  It  differs  from  other 
spiroch?etes,  which  are  normally  present  in  the  mouth  and  about  the 
external  openings  of  the  genital  organs,  in  being  much  thinner  and 
extremely  pallid  and  translucent.  It  is  only  seen  with  difficulty  in 
unstained  preparations  unless  a  "  dark-ground  "'  illumination  be  em- 
ployed, since  its  refractive  index  is  apparently  almost  identical  with 
that  of  the  material  in  wliich  it  is  found. 

Schaudinn  and  Hoffmann  (1905),  continuing  the  investigation  of 
the  organism,  proved  its  invariable  presence  both  in  the  primary  lesion 
of  syphilis  and  in  its  secondary  eruptions.  And  shortly  afterwards 
it  was  found  both  in  the  blood  and  in  the  internal  organs  in  secondary 
syphilis  as  well  as  in  the  tertiary  lesions,  and  also  in  cases  of  the 
congenital  affection. 

A  further  evidence  of  the  specificity  of  the  organism  was  afforded 
by  the  experiments  of  Metchnikoff  and  others  on  the  production  of 
syphilis  by  the  inoculation  of  syphilitic  material  in  anthroj^oid  apes. 
In  these  cases  the  spirochsete  was  always  found  to  be  present  in  the 
lesions  wliich  resulted  fi-om  the  inoculations. 

Although  it  has  not  hitherto  been  possible  to  cultivate  the  spiro- 
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chsete  on  artificial  media,  and  to  produce  the  disease  experimentally 
by  the  inoculation  of  pure  cultures,  yet  there  appears  to  be  sufi&cient 
evidence  that  it  is  undoubtedly  the  specific  causal  agent  of  syphilis, 
and  it  is  so  accepted  at  the  present  time. 

The  micro-organism  is  a  screw-shaped  body  with  sharp  turns,  bent 
like  a  corkscrew  whose  successive  coils  are  closely  set  together.  The 
two  extremities  tend  to  be  straightened  out  and  somewhat  pointed. 
Measured  in  a  straight  line,  it  covers  a  length  of  4-15  and  the 
width  of  the  thread  is  0'J.-0'2  jx.  The  number  of  coils  exhibited  may 
vary  greatly,  and  may  be  as  few  as  5  or  6,  or  as  many  as  20  or  more. 

When  examined  in  fresh  syphilitic  material  the  organism  is  seen 
to  be  very  actively  motile,  and  movements  of  rotation  round  the  long 
axis,  flexion  in  its  length,  and  alternating  advance  and  retrogression 
take  place  rapidly.  The  screw  shape  is  maintained  throughout  these 
movements. 

The  organism  is  difficult  to  stain  by  the  ordinary  methods  em- 
ployed for  bacteria,  but  stains  quite  readily  by  Romanowsky's  or  by 
Oiemsa's  method  (p.  40),  after  the  tissue  or  the  film  of  fresh  material 
has  been  fixed  in  absolute  alcohol. 

In  fresh  syphilitic  material  the  spirochsete  is  readily  demonstrated 
by  Burri's  indian-ink  method.  Some  of  the  suspected  matter  is  emul- 
sified in  a  little  water,  and  a  minute  quantity  is  taken  up  with  a  fine 
drawing-pen,  which  is  then  dipped  into  a  series  of  tiny  drops  of  Indian 
ink  upon  a  slide  one  after  another,  as  if  making  dilutions.  The  drops 
are  allowed  to  dry,  and  examined  without  cover-glass  with  the  oil- 
immersion  lens.  The  spirochsete  stands  out  brilliantly  white  upon 
the  grey-black  background. 

In  cases  of  suspected  syphilis  in  which  the  attempt  to  discover 
typical  spirochtetes  in  the  lesions  proves  unsuccessful,  valuable  assist- 
ance in  the  diagnosis  may  be  obtained  by  employing  the  Wassermann 
syphilis  reaction  (p.  46). 

Ducrey's  bacillus  (bacillus  of  soft  sore). — This  organism 
was  described  by  Ducrey,  in  1889,  as  occurring  constantly  in  ulcus 
molle,  and  he  showed  that  by  a  series  of  inoculations  of  the  skin, 
the  first  of  which  was  made  from  the  pus  of  a  soft  sore,  the  second 
from  the  lesion  caused  by  the  first  inoculation,  and  so  on,  he  could 
succeed  in  obtaining  a  pure  culture  of  the  organism  in  a  sore  having 
the  typical  appearances  of  an  ulcus  molle. 

Ducrey's  results  were  shortly  afterwards  confirmed  by  Krefting, 
who  found  the  bacillus  in  a  series  of  13  cases  of  soft  chancre,  as  well 
as  by  a  number  of  later  observers.  Krefting  also  showed  that  the 
bacillus  may  be  present  in  pure  culture  in  the  buboes  which  frequently 
accompany  the  condition. 

The  organism  has  not  been  found  in  any  other  ulcerative  condition 
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of  tlie  skin,  and  no  other  organism  has  been  found  with  constancy  in 
buboes  associated  with  soft  chancre.  Ducrey's  bacillus  is  therefore 
generally  accepted  at  the  present  time  as  the  j^robable  specific  causal 
agent  of  this  affection. 

It  is  a  short,  rod-sliaped  organism,  very  similar  in  aj^pearance  to 
the  Bacillus  pestis,  measuring  about  1"5  fi  long,  and  0'.5  yu,  wide.  It  is 
not  motile,  and  has  no  flagella.    It  does  not  form  spores. 

It  stains  readily  with  all  the  ordinary  basic  aniline  dyes,  and  shows 
a  tendency  to  exhibit  bipolar  staining.  In  sections  it  is  readily  decolor- 
ized if  alcohol  be  employed  for  dehydration.  Sections  should  there- 
fore be  first  dried  as  completely  as  possible  by  pressing  with  several 
thicknesses  of  folded  filter-paper,  and  then  cleared  at  once  with  xylol. 
It  is  Gram-negative. 

The  bacillus  has  been  cultivated  successfully  on  blood-agar  and 
on  serum-agar.  The  growth  appears  in  the  form  of  small,  discrete, 
greyish,  shiny  colonies,  which  remain  separate,  and  may  reach  the 
size  of  a  pin's  head  in  about  48  hours.  Involution-forms  appear  very 
early  in  the  cultures.  In  the  condensation  water  at  the  foot  of  the 
tube  there  is  usually  a  well-marked  cloud  of  growth,  composed  of 
very  long  chains  of  the  bacillus. 

The  inoculation  of  pure  cultures  in  the  human  subject  leads  to 
the  production  of  typical  soft  sores.  Among  lower  animals  only  the 
higher  monkeys,  and  possibly  the  cat,  have  proved  susceptible  to 
the  action  of  the  organism. 
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THE  THERAPEUTIC  APPLICATIONS 
OF  BACTERIOLOGY 

By  JOHN  W.  H.  EYRE,  M.D.,  M.S.,  F.R.S.Edin. 

The  practical  outcome  of  the  observations- — outlined  in  the  preceding- 
chapter — upon  the  life-history  of  bacteria  in  general  and  the  causal 
relationsliip  existing  between  certain  of  them  and  pathological  con- 
ditions in  the  human  subject,  is  that  the  surgeon  of  to-day  has  become 
possessed  of  information  which  not  only  enables  him  to  diagnose 
with  exactitude  the  micro-organism  responsible  for  a  bacterial  infection, 
but  also  in  many  instances  to  neutralize  the  noxious  action  of  that 
particular  microbe  by  the  production  in  his  patient  of  a  condition 
of  either  active  or  fassive  immunity.  In  the  first  case,  by  the  adminis- 
tration of  a  suitable  vaccine  he  stimulates  the  tissue  cells  to  elaborate 
a  sufficiency  of  specific  antibodies — opsonins,  etc. — ^to  enable  his 
patient  successfully  to  combat  the  invading  bacteria  ;  in  the  second 
case  he  attains  the  same  end  by  introducing  into  his  patient's  economy 
a  suitable  serum  containing  a  sufficiency  of  specific  antibodies — anti- 
toxins, etc. — preformed  in  some  other  animal. 

Choice  of  method. — It  has  already  been  shown  that  bacteria 
exert  their  pathogenetic  properties  by  reason  of  the  toxins  they 
elaborate,  and,  considered  in  this  connexion,  bacteria  may  be  broadly 
divided  into  two  groups.  The  first  group  comprises  bacteria  the  toxin 
from  which  after  its  formation  diffuses  out  of  the  bodies  of  the  bacteria 
into  solution  in  the  fluid  in  which  those  bacteria  are  growing.  Such 
a  poison  is  spoken  of  as  a  soluble  toxin  ;  it  can  be  separated  com- 
pletely from  the  body  of  the  bacterium  that  manufactured  it,  and 
its  toxicity  accurately  measured,  and,  by  means  already  detailed,  a 
specific  antidote  can  be  prepared — in  the  shape  of  antitoxin — in  the 
serum  of  a  suitable  animal.  Such  an  antitoxic  serum  can  be  readily 
employed  for  therapeutic  purposes ;  and  just  as  the  toxicity  of  the 
soluble  toxin  used  in  immunizing  the  animal  can  be  exactly  measured, 
so  the  antitoxic  value  of  the  resulting  serum  can  be  mathematically 
expressed.    In  practice,  antitoxic  serums  have  proved  of  the  very 
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greatest  vaJue  in  the  treatment  of  infections  due  to  bacteria  which 
elaborate  sohtble  toxins — such  as  diphtheria  and  tetanus — and  should 
invariably  be  used  in  such  infections. 

The  second  and  larger  group  comprises  those  bacteria  whose  toxin 
is  linked  up  with  the  living  cell  protoplasm,  and  is  only  set  free  on 
the  deatii  and  disintegration  of  the  bacteria.  Such  a  toxin  cannot 
be  readily  separated  from  the  bodies  of  the  bacteria  in  artificial 
cultivations,  and  consequently  its  toxicity  cannot  be  accurately 
determined  ;  moreover,  if  we  are  able  successfully  to  immunize  an 
animal  against  the  bacterium  giving  rise  to  svich  a  toxin,  we  find  that 
the  resulting  serum  exerts  a  bactericidal  rather  than  an  antitoxic 
action.  So  that,  given  a  patient  suft'ering  from  an  infection  due  to 
a  bacterium  of  this  second  class,  the  question  presents  itself  whether 
we  shall  employ  the  corresponding  antibacterial  serum  in  the  hope 
of  producing  a  passive  immunity,  or  whether,  by  the  use  of  a  suitable 
vaccine,  we  shall  endeavour  to  establish  a  condition  of  active  immunity. 
No  definite  pronouncement  can  be  given  such  as  is  possible  when 
discussing  infections  due  to  bacteria  producing  soluble  toxins.  Each 
case  nmst  be  judged  according  to  the  surrounding  circumstances, 
and  in  those  infections  for  which  antibacterial  serums  are  available 
this  fact  will  be  duly  considered. 

SERUM  TREATMENT 

Antiserums  and  their  preparation. — Antiserums,  as 
already  stated,  )nay  l)e  antitoxic  or  antibacterial.  Antitoxic  serums 
are  obtained  from  animals  immunized  against  the  soluble  toxin 
present  in  broth  cultivations  of  some  particular  organism,  and  the 
method  of  preparation  of  such  serums  has  already  been  described 
in  the  previous  article,  in  connexion  with  the  diphtheria  bacillus 
p.  74).  The  chief  antitoxic  serums  are  those  of  diphtlieria  and 
tetanus. 

Antibacterial  serums  are  prepared  by  similar!}'  immunizing  animals 
against  living  or  dead  cultivations  of  the  bacteria  themselves,  and 
have  been  prepared  against  streptococcus,  staphylococcus,  gonococcus, 
pneumococcus,  meningococcus,  M.  melitensis,  B.  coU,  B.  typJiosus, 
B.  dysenterire,  B.  pestis,  and  B.  anthracis.  Of  these  but  few  have 
proved  of  any  considerable  practical  value.  The  antiserums  for  strej)- 
tococcus.  and  B.  anthracis,  are  indeed  the  only  ones  that  need  serious 
consideration  by  the  surgeon. 

It  will  be  well  here,  perhaps,  to  point  out  that  the  introduction 
of  foreign  serum  into  the  human  economy  is  sometimes  followed  by 
slight  and  unimportant,  although  annoying,  toxic  symptoms,  which 
in  no  way  depend  upon  the  antibacterial  properties  of  the  serum, 
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since  similar  symptoms  have  been  noted  following  the  injection  of 
normal  horse  serum.  These  symptoms  consist  of  cutaneous  eruptions, 
the  most  common  of  which  is  simple  localized  erythema,  and  joint 
pains,  which  are  often  accompanied  by  swelling  of  the  joint,  erythema 
of  the  skin  covering  it,  and  a  certain  amount  of  pyrexia.  These 
symptoms  usually  appear  from  five  to  eight  days  after  an  injection. 
They  are  not  invariably  present,  but  depend  to  a  certain  extent  upon 
idiosyncrasy,  and  still  more  upon  the  character  of  the  serum  that  is 
employed,  the  serum  of  some  horses  being  much  more  toxic  for  the 
human  subject  than  that  of  others.  These  symptoms  also  bear  a 
distinct  relationship  to  the  quantity  of  serum  injected,  a  small  quantity 
of  serum  with  a  very  high  antitoxic  content  being  much  less  likely  to 
be  followed  by  such  sequelae  than  a  larger  volume  of  serum  containing 
the  same  number  of  units  of  antitoxin. 

Method  of  administration  of  bacterial  remedies. — 
If  we  wish  to  obtain  rapidly  and  with  certainty  the  specific  action 
of  practically  any  drug  that  is  capable  of  being  suspended  in  a  fluid 
menstruum,  we  introduce  it  beneatli  the  surface  of  the  skin  by  means 
of  a  syringe  and  needle  ;  and  this  is  the  procedure  that  should  be 
adopted  with  all  bacterial  remedies.  Oral  and  rectal  administration 
of  serums  and  vaccines  has  been  advocated  from  time  to  time,  but 
the  clinician  is  now  as  opposed  to  these  methods  as  the  bacteriologist 
has  always  been.  Serums  should  be  injected  subcutaneously,  intra- 
venously, or  intraspinally,  according  to  the  severity  or  other 
circumstances  of  the  individual  case.  Vaccines  should  be  injected 
subcutaneously. 

The  syringe.— The  serum  syringe  should  be  of  a  capacity  of  not 
less  than  10  c.c,  and  should  be  of  the  all-glass  variety,  as  this  can  be 
readily  and  effectually  sterilized  (Fig.  2).  The  needle  should  be 
somewhat  longer  than  tliat  of  a  common  hypodermic  syringe  ;  5  or 
6  cm.  is  an  adequate  length.  The  bore  of  the  needle  need  not  be  large, 
as  the  serum  is  perfectly  fluid,  and  will  pass  readily  through  any  hollow 
needle,  and  it  is  an  advantage  rather  than  otherwise  to  give  the 
injection  slowly. 

The  component  parts  of  the  s}Tinge — the  barrel,  piston,  nozzle,  and 
needle — should  be  separated  and  boiled  just  before  use,  to  ensure 
sterility.  After  fitting  up,  the  syringe  must  be  allowed  to  cool  some- 
what before  the  serum  is  drawn  into  it,  to  avoid  any  coagTilation  of 
the  albumin.  Immediately  after  use  the  syringe  and  needle  should 
be  washed  through  with  cold  water  before  again  being  sterilized. 

The  vaccine  syringe  should  also  be  "  all  glass,"  of  1  c.c.  capacity, 
graduated  in  tenths  of  a  cubic  centimetre,  and  provided  with  a  fine 
needle.  It  should  be  sterilized  for  use  in  the  same  way  as  the  serum 
syringe. 


INJECTION  OF  SERUMS  AND  VACCINES  93 


1.  Subcutaneous  injection.  Site. — Premising  that  the  serum  or 
vaccine  should  be  introduced  into  loose,  subcutaneous  tissue,  the 
exact  spot  selected  is  of  little  importance  so  far  as  the  ultimate  result 
is  concerned,  althouoli  the  sides  of  the  abdomen,  towards  the  loin 
or  near  the  groin,  and  the  back,  between  the  shoulders,  and  in  females 
the  loose  tissue  at  the  base  of  the  mamniaj,  are  favourite  spots.  Certain 
considerations,  however,  influence  our  choice.  In  the  first  place,  a 
small  lump  is  frequently  noted  at  the  seat  of  inoculation,  which 
persists  for  a  day  or  two,  or  perhaps  longer,  often  associated  with 
some  tenderness,  hence  a  locality  should  be  selected  which  is  subject 
to  little  movement,  and  is  not  pressed  upon  by  the  patient's  clothing 
or  during  work  or  sleep,  or  subjected  to  friction.  Therefore,  in  the 
male,  parts  subjected  to  the  pressure  of  braces,  and  in  the  female, 
of  corset  bones  or  laces,  should  be  avoided.  If  a  second  injection  is 
required,  it  may  be  given  at  a  point  corresponding  with  the  first,  but 


boiling  after  separation  of  the  component  parts. 

at  the  opposite  side  of  the  body;  if  a  series  of  doses  is  necessary,  rows 
of  punctures  may  be  made  in  lines  up  the  two  sides  of  the  body. 

In  both  sexes  the  forearm,  where  the  sul)cutaneous  tissue  is  small 
in  amount  and  constant  friction  is  experienced  between  the  sldn  and 
the  muscle  beneath,  is  a  particularly  bad  locality  for  the  injection  of 
vaccines,  although  its  ready  accessibility  renders  it  extremely  tempting 
for  tliis  purpose. 

Preparation. — Wash  the  selected  site  thoroughly  with  ether  soap 
on  a  piece  of  lint,  pour  ether  on  to  the  area  to  wash  away  the  soap, 
and  finally  cover  with  a  piece  of  sterile  lint  saturated  with  ether  the 
spot  it  is  proposed  to  puncture. 

Injection. — Pinch  up  a  fold  of  the  prepared  skin  between  the  thuml) 
and  forefinger  of  the  left  hand,  with  a  quick  movement  pass  the  needle 
through  the  skin  into  the  subcutaneous  tissue,  and  inject  the  fluid 
slowly.  When  the  dose  has  been  administered,  withdraw  the  needle, 
and  if  the  volume  of  fluid  that  has  been  injected  is  large,  seal  the 
puncture  with  a  layer  of  collodion  or  a  small  disc  of  adhesive  plaster. 
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In  young  infants  the  small  size  of  the  parts  must  be  borne  in  mind, 
and  the  needle  inserted  carefully  and  not  too  deeply. 

2.  Intravenous.— The  vein  usually  chosen  is  either  the  median 
basilic  or  median  cephalic  at  the  bend  of  the  elbow  ;  sometimes  one 
is  driven  by  circumstances  to  select  a  superficial  vein  of  the  forearm 
or  hand,  or  else  of  the  leg.  The  preparation  of  the  patient  is  generally 
quite  a  simple  matter,  especially  when  one  is  able  to  attack  a  vein  at 
the  bend  of  the  elbow,  for  in  this  situation  the  sldn  is  delicate,  hairless, 
and  easily  cleansed.  The  patient  should  be  lying  in  bed  or  reclining 
on  a  couch.  The  arm,  bared  to  the  shoulder,  should  rest  on  a  clean 
towel  on  the  bed  by  the  patient's  side,  or,  better  still,  drawn  out  at 
right  angles  to  the  body,  and  the  skin  thoroughly  washed  with  soap 
and  water.  Then  the  skin  over  the  selected  vein  is  scrubbed  with 
«ther.  more  ether  is  poured  on  and  allowed  to  evaporate,  and  finally 
the  site  for  operation  is  covered  with  a  piece  of  lint  saturated  with 
ether.  If  some  other  vein,  possibly  covered  by  hairy  skin,  is  chosen, 
the  part  must  be  washed  up  with  ether  soap,  carefully  shaved,  the 
slcin  scrubbed  up  with  lysol,  and  then  the  lysol  thoroughly  washed 
■off  with  large  volumes  of  ether,  the  skin  being  finally  covered  with  a 
pad  saturated  with  ether.  Now  a  tourniquet  or  a  bandage  is  applied 
tightly  round  the  upper  arm,  to  retard  the  venous  return  (but  not  so 
tightly  as  to  interfere  with  the  arterial  flow),  and  so  cause  the  vein 
to  become  distended  and  prominent. 

Next  open  the  phial  containing  the  antiserum  and  fill  the  previously 
sterilized  all-glass  syringe  with  serum.  The  ether  pad  is  now  removed 
from  the  patient's  arm,  and  after  waiting  for  a  few  moments  to  allow 
the  last  trace  of  ether  to  evaporate,  the  point  of  the  needle  is  plunged 
through  the  sldn  by  the  side  of  the  vein,  then  its  direction  is  slightly 
altered  and  it  is  pushed  on  so  that  it  enters  the  vein  obliquely.  The 
blood  in  the  vein,  being  under  pressure  owing  to  the  application  of 
the  bandage  above,  enters  the  syringe,  and  the  moment  it  appears 
in  the  barrel  of  the  syringe  the  tourniquet  is  removed  from  the  arm 
and  the  serum  slowly  and  steadily  injected  into  the  vein.  The  patient's 
blood,  being  heavier  than  the  serum,  sinks  down  into  the  barrel  of 
the  sjrringe  immediately  above  the  nozzle,  and  practically  the  whole 
of  the  serum  contained  in  the  syringe  can  be  delivered  into  the  vein 
without  injecting  the  blood  which  first  appeared  in  the  barrel. 

3.  Intraspinal. — Two  sterile  syringes  are  required,  each  of  which 
will  fit  on  to  the  same  needle,  which  should  be  of  stout  rigid  steel, 
6-7  cm.  long  for  children,  and  9  cm.  for  adults.  One  syringe  should 
be  filled  with  serum  and  covered  with  an  inverted  glass  dish  to  prevent 
contamination.  The  other  syringe,  with  the  needle  attached,  is  used 
ior  the  actual  lumbar  puncture. 

Arrange  the  patient  in  bed  in  the  semi-prone  position,  on  which- 
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ever  side  is  more  convenient  to  the  operator.  Raise  the  head  sliglitly 
on  a  pillow.  Bend  the  knees  and  flex  the  thisihs  on  the  abdomen  so 
that  the  vertebral  column  is  well  arched,  and  hold  the  patient  firmly 
in  this  position.  The  site  of  operation  for  lumbar  puncture  is  a  10  cm. 
(4  inches)  circle  of  the  skin  of  the  back,  having  its  centre  over  the 
spinous  process  of  the  fourth  lumbar  vertebra.  This  central  point 
can  be  identified  by  the  simple  method  of  counting  the  vertebrae  down- 
wards, or  by  the  help  of  a  line  joining  the  highest  points  of  the  iliac 
crests — which  crosses  the  fourth  lumbar  vertebra.  Adjust  either  the 
bed  or  the  light  so  that  the  field  of  operation  is  well  lighted.  The 
skin  over  the  area  already  indicated  is  prepared  as  was  the  bend  of 
the  elbow  for  the  intravenous  injection.  The  needle  is  introduced 
into  the  interspace  between  the  third  and  fourth  lumbar  vertebra; 
and  pushed  on  between  the  laminas  into  the  spinal  canal,  and  at  least 
10  c.c.  of  fluid  collected  in  the  syringe.  The  syringe  is  now  detached 
from  the  needle  and  put  on  one  side,  while  the  syringe  full  of  serum 
is  adjusted  to  the  needle  already  in  situ  and  the  serum  slowly  injected, 
the  volume  of  the  serum  injected  corresponding  to  that  of  cerebro- 
spinal fluid  removed  from  the  canal. 

ANTITOXIC  SERUMS 

Diphtheria. — Antidiphtheria  serum  is  standardized  experimen- 
tally accordmg  to  the  number  of  units  of  antitoxin  contained  in  each 
cubic  centimetre  of  the  serum,  the  unit  of  antitoxin  being  that  smallest 
quantity  which,  when  mixed  with  100  lethal  doses  of  dij^htheria  toxin 
and  injected  into  a  guinea-pig,  will  prevent  the  appearance  of  any 
toxic  symptoms  ;  a  combination  occurring  in  the  animal's  tissues 
between  the  toxin  and  antitoxin  in  such  a  way  that  the  poisonous 
effects  of  the  former  are  completely  neutralized.  The  same  pheno- 
menon obtains  in  the  human  body,  but  as  it  is  impossible  to  estimate 
the  amount  of  toxin  that  has  already  gained  access  to  the  tissues  in  the 
patient  infected  naturally,  it  follows  that  one  must  be  prepared  to  use 
a  large  excess  of  antitoxin  in  order  to  neutralize  not  only  the  poison 
already  formed,  but  also  that  which  is  in  process  of  formation  by  the 
living  diphtheria  bacilli  remaining  in  the  throat ;  for,  the  effect  of  the 
serum  being  antitoxic  only,  it  does  not  act  directly  injuriously  upon 
the  infecting  organisms.  According  to  the  authors  of  the  previous 
article,  in  using  antitoxin  as  a  therapeutic  agent  in  diphtheria, 
not  less  tlian  4,000  units  should  be  administered  in  a  single  dose, 
while  in  severe  cases  several  times  this  amount  may  have  to  be  given, 
and  the  dose  repeated  at  frequent  intervals  until  definite  imj^rove- 
ment  begins  to  take  place,  t  agree  with  them  that  there  is  still  a 
tendency,  as  in  the  case  of  tetanus  antitoxin,  to  administer  the 
remedy  in  insufficient  amounts,  so  far  as  concerns  its  therapeutic 


96 


APPLIED  BACTERIOLOGY 


use,  but  as  a  prophylactic  agent  it  will  generally  be  found,  in  my 
opinion,  that  500  or  1,000  units  need  rarely  be  exceeded. 

Tetanus. — Tetanus  antitoxin  may  be  used  either  prophylactic- 
ally  or  therapeutically.  In  the  former  case,  preventive  inoculations 
should  always  be  used  in  cases  of  crushed  and  lacerated  wounds  into 
which  garden  soil  or  road  dust  has  been  carried  at  the  time  of  injury. 
In  such  cases  it  may  be  injected  subcutaneously  in  doses  of  20  to 
50  units,  which  would  be  contained  in  from  10  to  15  c.c.  of  serum. 
Used  in  this  method  the  serum  has  given  excellent  results  in  animals 
as  well  as  in  man  ;  that  is  to  say,  by  its  means  the  percentage  of  tetanus 
cases  following  such  injuries  as  presumably  have  been  exposed  to 
tetanus  infection  has  been  strikingly  reduced.  Further,  there  is  now 
to  be  obtained  a  dried  preparation  of  tetanus  antitoxin  which  may 
be  applied  directly  to  a  wound  where  the  possibility  of  tetanus  infection 
is  feared.  This  preparation  has  been  used,  on  the  suggestion  of 
Calmette,  as  a  protective  dressing  on  the  umbilical  cord  in  new- 
born children  in  Indo-China,  where  formerly  20  per  cent,  of  new-born 
children  were  said  to  die  of  tetanus  neonatorum,  and  it  has  given 
very  satisfactory  results  in  a  striking  reduction  of  the  mortality  from 
this  disease. 

The  therapeutic  use  of  tetanus  antitoxin  has  been  sufficiently 
discussed  in  the  previous  article,  and  it  need  only  be  added  that 
the  remedy  cannot  be  said  to  have  had  a  proper  trial  in  a  case  of 
tetanus  unless  it  has  been  administered  promptly,  repeatedly,  and  freely 
in  large  doses,  not  only  locally,  but  also  by  the  method  of  lumbar 
puncture.  To  say  that  doses  of  100  or  200  units  of  antitoxin  should 
be  repeated  as  often  as  the  case  allows,  until  some  definite  result  has 
been  obtained,  might  appear  to  suggest  heroic  treatment,  but  it  must 
always  be  remembered  that  the  mortality  of  acute  tetanus  is  in  any 
case  extremely  high,  and  in  many  statistics  reaches  even  80  per 
cent.  ;  moreover,  clinical  symptoms  of  the  disease  do  not  become 
manifest  until  the  infection  has  attained  serious  proportions. 

ANTIBACTERIAL  SERUMS 

Streptococcic  infections.  —  In  surgical  infections  due  to 
the  Streptococcus  pyogenes,  especially  those  of  the  septicajmic  type, 
treatment  with  antistreptococcic  serum  possesses  considerable  value, 
especially  if  one  employs  polyvalent  serum ;  that  is  to  sa}',  serum  ob- 
tained from  an  animal  immunized  by  the  injection  of  a  large  number 
of  strains  of  streptococci  derived  from  various  sources  and  types  of 
infection.  The  best  results  are  obtained  by  injecting  large  doses  at 
once,  20-30  c.c,  either  intravenously,  or  half  intravenously  and  the 
remainder  subcutaneously.    In  favourable  cases  the  temperature  will 
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undergo  a  large  fall  in  from  six  to  twelve  hours,  and  a  further  dose 
of  10  c.c.  administered  thirty-six  to  forty-eight  hours  after  the  first 
may  be  all  that  is  needed,  but  any  subsequent  considerable  rises  of 
temperature  indicate  the  necessity  for  the  injection  of  more  serum. 
If  the  first  injection  fails  to  lower  the  temperature  appreciably  within 
twenty-four  hours,  a  supply  of  serum  hjj  a  different  manufacturer  should 
be  procured  and  injected.  If  this  likewise  has  no  effect,  treatment 
with  an  autogenous  streptococcus  vaccine — the  preparation  of  which 
will  by  this  time  have  been  completed — -should  now  be  carried  out. 

Anthrax.  —  The  antiserums  prepared  by  Sclavo  and  by  Mendez 
have  been  found  to  possess  very  great  therapeutic  powers,  and  in 
Italy  in  unoperated  cases  treated  with  serum  the  mortality  has  been 
reduced  from  24  per  cent,  to  6  per  cent,  in  the  human  subject.  Serum 
may,  therefore,  be  used  as  an  alternative  to  operative  procedures, 
although  imless  the  serum  is  ready  to  hand  when  the  case  is  hrst  seen 
very  few  surgeons  woirld  care  to  run  the  risks  inseparable  from  delay. 
The  dose  of  serum  is  20-40  c.c,  and  should  be  injected  intravenously. 

VACCINE  TREATMENT 

Bacterial    vaccines    and    their    preparation. — The 

vaccuie  used  in  any  given  case  may  be  one  of  two  kinds — either 
"  autogenous,"  that  is  to  say,  jji'epared  from  the  actual  organism 
isolated  from  the  patient ;  or  ''  stock,""  that  is,  prepared  fr'om  a  culti- 
vation of  the  same  species  of  bacterium  already  isolated  and  stored 
in  the  laboratory.  A  stock  vaccine  may  be  prepared  from  one  "  strain  " 
or  type  of  micro-organism,  or  by  first  mixmg  together  a  number  of 
cultivations  representing  many  strains  of  the  same  species ;  in  the 
latter  case  the  vaccine  is  spoken  of  as  a  "  polyvalent  "  or  "  multi- 
valent '"  stock  vaccine.  For  prophylactic  use  a  stock  vaccine  must 
necessarily  be  employed.  For  therapeutic  administration  each  variety 
of  vaccine  has  its  own  sphere  of  usefulness,  but,  speaking  generally,  a 
polyvalent  stock  vaccine  is  inferior  in  value  to  an  autogenous  vaccine, 
and  a  stock  vaccine  prepared  fi-om  a  single  strain  is  still  less  valuable 
than  one  prepared  by  mixing  several  strains.  Occasionally  it  happens 
that,  although  the  diagnosis  has  been  accurately  made,  it  is  foimd 
to  be  impossible  to  isolate  the  actual  infecting  microbe  in  the  pure 
culture  necessary  for  the  preparation  of  an  autogenous  vaccine,  in 
which  case  the  use  of  a  polyvalent  stock  vaccine  is  indicated.  Or, 
owing  to  the  admixture  of  the  infecting  organism  with  other  and 
adventitious  bacteria,  there  may  be  considerable  delay  in  separating 
out  the  responsible  microbe  ;  here,  again,  one  may  be  compelled  to 
employ  a  stock  vaccine  to  tide  over  the  interval  before  the  autogenous 
vaccine  is  completed. 
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No  matter  what  variety  of  vaccine  is  employed,  the  method  of 
preparation  is  the  same.  The  required  organism,  freshly  isolated 
from  the  human  subject,  or  recently  passed  through  the  body  of  a 
laboratory  animal,  is  cultivated  upon  a  suitable  medium — usually 
agar  or  blood-agar — mider  such  conditions  of  time,  temperatm-e,  etc., 
as  experience  shows  will  give  the  largest  number  of  living  virile 
individuals.  The  resulting  bacterial  growth  is  scraped  from  the 
surface  of  the  medium  and  emulsified  in  a  test-tube  with  a  O'l  per 
cent,  solution  of  sodium  chloride  ;  some  glass  beads  are  added,  and 
the  emulsion  thoroughly  agitated  in  an  electrical  or  other  form  of 
mechanical  shaker,  in  order  to  secure  a  perfectly  homogeneous  sus- 
pension. The  number  of  bacteria  present  in  a  miit  volume  of  the 
emulsion  is  then  ascertained.  This  can  be  done  by  means  of  a  Thoma- 
Zeiss  counting  chamber,  or  preferably  by  Wright's  method,  which 
consists  in  mixing  equal  quantities  of  the  emulsion  and  the  blood  from 
a  normal  individual,  spreading  the  mixture  in  a  thin  film  on  a  slide, 
staining  with  Leishman's  or  Jenner's  stain,  and,  with  the  help  of  the 
microscope,  estimating  the  ratio  existing  between  the  red  cells  and 
the  bacteria  in  the  preparation.  Now,  assuming  5,000  millions  of 
red  cells  per  cubic  centimetre  as  a  constant  for  normal  blood,  the 
number  of  germs  per  cubic  centimetre  of  emulsion  is  easily  calculated. 

The  emulsion  is  next  sterilized  by  exposure  in  a  water  bath  for 
one  hour  to  that  temperature  (usually  between  55°  C.  and  60°  C.) 
which  is  known  to  destroy  the  bacterium  concerned  in  that  time  with 
the  least  possible  alteration  in  the  constitution  of  its  protoplasm,  and 
the  sterility  of  this  "  killed  culture  "  controlled  by  attempts  to  sub- 
cultivate  portions  of  it  in  or  upon  other  media. 

The  next  step  is  to  dilute  the  emulsion  with  some  weak,  non- 
irritating,  antiseptic  solution  ^  (with  a  view  to  prevent  subsequent 
contamination)  so  that  each  cubic  centimetre  shall  contain  a  standard 
number  of  germs — e.g.  1,000  millions  or  100  millions — as  from  such  an 
emulsion  various  doses  of  the  vaccine  containing  smaller  numbers  of 
bacteria  can  readily  be  measured  for  injection  into  the  patient.  Finally, 
the  vaccine  is  either  preserved  for  use  in  bulk  in  rubber-capped  bottles, 
from  which  the  necessary  dose  can  be  taken  as  required,  or  separate 
doses  are  measured  out  and  each  put  up  in  a  small  glass  ampoule, 
the  neck  of  wliich  is  subsequently  sealed  in  the  blow-pipe  flame. 

The  above  method  is  modified  somewhat  in  the  case  of  vaccines 
prepared  from  the  tubercle  bacillus.  In  the  first  place,  the  slow 
growth  of  this  organism  necessitates  the  use  of  cultures  which  have 
been  incubated  for  several  weeks.  One  form  of  vaccine,  Imown  as 
bacillary  emulsion  (B.E.),  is  prepared  by  scraping  the  growth  of  the 

1  Those  in  general  use  are  phenol  O'o  per  cent.,  lysol  0'25  per  cent.,  and 
trikresol  0*25  per  cent. 
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tubercle  bacillus  from  the  cultures,  drying  the  mass  in  vacuo,  and  then 
titrating  in  water  in  a  mortar  and  emulsifying  the  powder  in  a  50  per 
cent,  aqueous  solution  of  glycerine.  After  allowing  the  heavy  particles 
to  deposit,  the  supernatant  opalescent  fluid  is  pipetted  off  and  standard- 
ized by  dilution  to  contain  the  equivalent  of  .5  mg.  of  dried  tubercle 
bacilli  jjer  cubic  centimetre.  Another  tubercle  vaccine,  known  as 
Koch's  New  Tuberculin  (or  T.R.),  is  prepared  by  first  washing  the 
dried  and  powdered  tubercle  bacilli  with  distilled  water  and  then 
centrifugalizing.  The  supernatant  opalescent  fluid  is  removed,  and 
the  residue,  now  freed  from  soluble  toxins,  dried,  and  the  process  of 
extracting  by  triturating  with  20  per  cent,  glycerine  solution  (in  the 
proportion  of  10  mg.  of  dried  powder  to  1  c.c.  of  glycerine  solution)  is 
then  repeated  several  times,  the  fluid  used  each  time  being  preserved 
and  the  whole  finally  mixed  together.  The  dosage  of  tubercle  vaccines 
is  usually  calculated  in  fractions  of  1  mg.  of  tlie  dried  tubercle  bacilli. 

Active  immunization  by  vaccines. — The  hypotliesis  upon 
which  vaccine  treatment  is  based  assumes  that  certain  substances — - 
opsonins — exist  in  the  blood  serum,  wliich  have  the  power  of  so  sensi- 
tizing bacteria  that  gain  entrance  to  tlie  tissues  as  to  render  them 
readily  ingested  and  destroyed  by  the  phagocytes,  and  it  is  to  tlie 
presence  of  these  substances  that  the  natural  resistance  of  the  individual 
is  due.  If  the  number  of  bacteria  invading  the  tissues  is  small  and 
the  available  amount  of  opsonin  adequate,  no  infection — iir  the  clinical 
sense  of  the  term — results.  If,  however,  the  available  opsonin  is 
inadequate  to  sensitize  all  the  bacteria,  and  some  escape  destruction 
by  the  phagocytes,  infection  takes  place.  The  stimulus  provided  by 
the  action  of  the  surviving  bacteria  should  provoke  tlie  formation 
of  specific  opsonin  adequate  in  amount  to  ensure  the  destruction  of 
the  bacteria,  and  so  terminate  the  infection  ;  failure  in  this  direction 
is  followed  by  the  rapid  multiplication  of  the  germs,  and  the  resulting 
train  of  clinical  symptoms,  which  jarovide  the  opportunity  and  necessity 
for  vaccine  treatment.  In  all  probability  this  hypothesis  takes  cogniz- 
ance of  one  only  of  many  factors  concerned,  and  that  perhaps  a  quite 
insignificant  one,  but,  because  of  the  ease  with  which  this  particular 
factor  can  be  identified  and  observed  throughout  the  course  of  an 
infection,  the  hypothesis  is  a  practical  and  convenient  one  to  work 
with,  as  will  be  seen  if  we  trace  the  effect  of  an  injection  of  vaccine 
upon  the  opsonin  content  of  the  jsatient's  serum. 

The  immediate  result  of  the  introduction  of  a  dose  of  vaccine  into 
the  tissues  of  a  patient  is  a  fall  in  the  amount  of  opsonin  present  in 
the  serum,  owing  presumably  to  the  linking-up  of  some  of  the  avail- 
able opsonin  to  the  bodies  of  the  bacteria  introduced.  This  is  termed 
the  negative  phase,"  and  occupies  a  period  lasting  from  a  few  hours 
to  a  week  or  ten  days,  or  in  exceptional  cases  a  fortnight  or  more. 
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Its  duration  is  increased  by  a  larger  dose,  and  reduced,  or  even 
eliminated  altogether,  by  a  smaller  dose.  During  this  period,  altliougli 
no  appreciable  rise  of  temperature  occurs  whicli  can  be  directly  attri- 
buted to  the  injection  of  the  vaccine  (unless  an  excessive  dose  has 
been  administered),  the  patient  sometimes  complains  of  not  feeling 
well,  and  any  local  lesion  that  may  be  present  is  objectively  worse — 
the  discharge  from  a  sinus  increases  in  amount ;  in  a  cystitis  there 


Fig.  3. — The  opsonic  cycle. 


is  an  increase  in  frequency  of  micturition,  and  more  pus  is  present  in 
the  urine ;  in  furunculosis  a  fresh  crop  of  boils  may  appear,  and  so  on. 

As  a  result  of  the  stimulus  provided  by  the  vaccine,  fi-esh  sup- 
plies of  opsonin  are  elaborated  and  discharged  into  the  serum,  and 
the  negative  phase  is  succeeded  by  a  positive  phase,  during  which  the 
opsonin  index  rises  slowly  or  rapidly  to  a  maximum,  a  subjective 
sense  of  well-being  is  experienced,  pyrexia  diminishes,  often  rapidly, 
and  cHnicallv  the  improvement  is  marked.  After  reaching  the 
maximum,  the  index  frequently  oscillates  slightly  for  a  day  or  two, 

and  then  comes  to  rest,  and  a  con- 
dition of  equilibrium  is  established, 
in  which  the  index  is  maintained 
at  a  higher  level  than  it  occupied 
before  the  injection,  although  even 
now  not  necessarily  at  or  above 
the  normal.  This  state  of  -equili- 
Fig,  4.— Opsonic  index,  showing  brium,  after  a  period  varying  with 
rapid  fall.  different  individuals,  with  the  size 

of  the  dose,  etc.,  declines  either 
gradually  or  rapidly  until  it  has  fallen  to,  or  below,  its  original  position. 
A  repetition  of  the  dose  of  vaccine  now  causes  a  repetition  in  their 
entirety  of  the  phenomena  already  detailed.  This  opsonic  cycle  is 
graphically  represented  by  the  curve  in  Fig.  3.  If,  however,  a  second 
dose  of  vaccine  is  administered  during  the  negative  phase  induced 
by  the  first  injection,  a  cumulative  action  is  noted,  and  a  second 
negative  phase  is  superposed  on  the  first ;  the  opsonic  index  will  then 
rapidly  fall,  perhaps  with  serious  results  to  the  patient  (Fig.  4).  On 
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the  otlier  hand,  a  second  dose  injected  at  the  highest  point  of  the 
positive  phase  will  not  in  most  instances  give  rise  to  cumulation  of 
positive  phases.  Usually  such  a  procedure  merely  results  in  a  shorter 
or  less  marked  negative  phase  (Fig.  -5).  In  some  infections,  e.g.  those 
due  to  the  gonococcus  and  tlie  Bacillus  coli,  this  highly  desirable  end 
can  be  obtained  (Fig.  6).    Practically  it  is  found  that  good  clinical 


Fig.  5.— Opsonic  index,   showing       Fig.  tl.— Opsonic  index,  showing 
less  marked  negative  phase.  cumulation  of  positive  phases. 


results  are  obtained  if  the  index  oscillates  about  the  normal  level, 
provided  that  the  greater  part  of  the  curve  representing  the  move- 
ments of  the  index  is  above  normal  (Fig.  7).  Consequently,  to  obtain 
the  best  results  by  the  aid  of  vaccines,  subsequent  doses  should  be 
injected  towards  the  end  of  the  period  of  equilibrium.  Endeavour 
should  be  made  so  to  adjust  the  dose  as  to  obtain  the  shortest  negative 


Fig.   7.- -  Opsonic  index,  showing  oscil-     Fig.  S. — Opsonic  index,  show- 
lation  about  normal  level.  ing  immediate  appearance  of 

positive  phase. 


phase  compatible  with,  the  production  of  a  ])ositive  phase  lasting  for 
five  to  seven  days. 

In  many  acute  infections,  however,  it  is  of  greater  importance  to 
reduce  or  eliminate  the  negative  phase  which  follows  the  injections 
than  to  lengthen  the  positive  phase,  and  in  such  cases  a  dose  must  be 
administered  so  minute  that  the  positive  phase  appears  almost  imme- 
diately, and  nuist  be  repeated  before  the  transient  positive  phase  has 
decUned,  sometimes  within  twelve  hours  (Fig.  8). 
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General  considerations. — Practically  every  case  of  bacterial 
infection  presents  points  of  peculiarity,  and,  although  it  is  impossible 
to  lay  down  any  hard-and-fast  rule  for  treatment  by  vaccines,  a  few 
general  considerations  can  be  stated  as  the  result  of  experience 
accumulated  by  many  workers  during  the  last  few  years. 

L  It  is  absolutely  essential  that  the  diagnosis  should  be  accurate, 
and  that  full  and  complete  information  should  be  available  as  to  the 
exact  organism  responsible  for  the  infection. 

2.  The  estimation  of  the  opsonic  index  is  not  absolutely  essential 
to  the  successful  conduct  of  treatment,  careful  attention  to  clinical 
signs  and  symptoms,  temperature  reactions,  and  local  condition,  being 
in  most  instances  sufficient  guide  for  the  administration  of  vaccine  in 
the  acuter  forms  of  bacterial  infection.  In  the  subacute  and  chronic 
types  the  weighing  machine  will  be  found  a  useful  adjunct  to  clinical 
observation. 

3.  When  undertaking  vaccine  treatment  without  the  assistance  of 
the  opsonic  index,  it  is  imperative  that  the  initial  doses  be  small,  in 
order  to  avoid  the  risk  of  a  negative  phase  excessive  in  amount  or 
duration.  Then,  too,  the  age,  weight,  and  general  condition  of  the 
patient  must  to  a  certain  extent  be  taken  into  consideration.  Speak- 
ing generally,  an  emaciated  infant  would  receive  a  very  much  smaller 
dose  than  a  well-developed  and  apparently  vigorous  adult.  With 
acute  and  generalized  infections  the  initial  dose  should  be  very 
small  indeed,  perhaps  not  more  than  one  million  bacteria,  but  in  sub- 
acute infections  it  may  well  be  ten  times  as  large,  and  in  chronic 
conditions  a  hundred  times  as  large.  Again,  so  long  as  improve- 
ment is  maintained  with  any  given  dose,  it  may  be  stated  in  general 
terms  that  there  is  no  object  in  increasing  that  dose.  W^ith  most 
vaccines,  however,  it  will  be  found  that  after  a  time  any  given  dose 
is  incapable  of  provoking  a  response  equal  to  that  at  first  obtained, 
and  then  it  is  necessary  to  increase  the  dose  ;  but  with  tuberculin  it 
may  be  unnecessary  to  alter  the  dose  from  that  originally  determined, 
throughout  the  whole  course  of  treatment. 

4.  Again,  it  should  be  remembered  that  a  dose  sufficiently  large 
to  provoke  constitutional  disturbance  and  pyrexia  usually  goes  hand 
in  hand  with  a  negative  phase  of  considerable  extent,  and  should 
be  an  indication  for  making  the  ensuing  dose  very  much  smaller 
in  size. 

5.  Surgical  treatment,  carefully  conducted,  should  accompany  the 
vaccine  treatment  throughout.  Thus,  whenever  possible,  an  infected 
area  should  be  immobilized,  an  infective  focus  removed,  and  so  on. 

With  these  few  general  considerations  we  may  pass  at  once  to  some 
slightly  fuller  details  for  the  treatment  by  vaccines  of  infections  by 
various  micro-organisms  which   more   commonly  come  under  the 
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cognizance  of  the  surgeon,  arranged  under  the  headings  of  the 
infecting  organism. 

Staphylococcus  pyogenes  aureus,  albus,  and  citreus. 

— Of  the  infections  due  to  eitlier  of  these  organisms,  suppuration 
is  usually  the  main  manifestation  of  the  pathogenetic  activity 
of  the  cocci  ;  but  the  lesions  that  the  surgeon  may  desire  to  treat 
by  vaccines  include  not  only  pustular  acne,  furunculosis,  boils  and 
abscesses,  but  also  the  more  diffuse  suppuration  of  osteo-myelitis,  and 
staphylococcic  septicpemia.  In  either  of  these  lesions,  the  albus, 
citreus,  or  aureus  staphylococcus  may  be  present  alone  or  in  com- 
bination ;  the  necessity  for  accurate  diagnosis  therefore  is  obvious, 
for,  contrary  to  some  recorded  opinion,s,  a  vaccine  of  one  of  these 
staphylococci  is  quite  useless  for  treatment  of  an  infection  due  to 
either  of  the  others. 

Polyvalent  stock  vaccines  of  the  S.  aureus  appear  to  be  fairly 
effective  in  localized  infections,  but  are  of  little  value  wlien  the 
infection  has  become  generalized.  Stock  vaccines  of  the  S.  albus  are 
of  considerably  less  value,  and  whenever  possible  should  not  be  allowed 
to  replace  autogenous  vaccines.  Neglect  of  this  point  has  no  doubt  led 
to  many  of  the  failures  in  the  treatment  of  pustular  acne — an  infection 
frequently  due  to  the  S.  albus — stock  vaccines  of  the  S.  albus,  or  even 
of  the  S.  aureus,  having  been  used  in  place  of  an  autogenous  vaccine. 

For  the  preparation  of  autogenous  staphylococcic  vaccines  the 
organism  should  be  grown  upon  nutrient  agar,  of  +  10  reaction,  for 
twenty-four  hours,  at  a  temperature  of  37"  C.  Emulsion  should  be 
killed  by  exposure  in  the  water  bath  to  a  temperature  of  60°  C.  for 
one  hour. 

The  size  of  dose  usually  employed  varies  with  tlie  severity  of  the 
infection.  A  staphylococcic  septic;emia  would  not.  at  any  rate  in  the 
early  stages,  receive  a  larger  dose  than  10  millions,  while  the  subacute 
and  chronic  suppurations  due  to  these  organisms  will  usually  stand  an 
initial  dose  of  TO  millions,  rising  gradually  to  a  dose  of  250  millions  or 
even  500  millions. 

The  interval  between  the  smaller  doses  may  be  anything  from 
three  to  seven  or  eight  days.  The  interval  between  doses  of,  say, 
250  millions  is  usually  12-14  days. 

The  size  of  the  dose  employed  is  also  influenced  to  some  extent  by 
the  result  it  is  desired  to  obtain.  Given  an  immature  boil,  in  which  it 
is  hoped  to  induce  resolution,  one  or  two  small  doses  of,  say,  10  millions, 
with  3  or  4  days  between  them,  will  very  often  secure  this  result.  If, 
however,  there  is  a  large  indurated  area,  such  as  is  so  frequently  met 
with  on  the  back  of  the  neck,  in  which  it  is  desired  to  promote  early 
and  free  suppuration  with  a  view  to  incision,  then  a  single  large  dose 
of  100  millions  to  250  millions  will  accelerate  the  process. 
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Streptococcus  pyogenes. — The  clinical  entities  due  to  the 
streptococcus  include  erysipelas,  appendicitis,  cellulitis,  abscess,  re- 
current tonsillitis,  empyema,  arthritis,  and  conjunctivitis,  as  well  as 
streptococcic  septicsemia.  With  the  exception  of  erysipelas,  stock 
vaccines  are  practically  useless  in  the  treatment  of  streptococcic 
infections,  and  autogenous  vaccines  must  be  employed.  They  should 
be  prepared  from  cultivations  grown  upon  blood-agar  for  a  period 
of  24  hours  at  37°  C.  The  emulsion  should  be  killed  by  exposure 
to  a  temperature  of  58°  C.  for  one  hour.  In  erysipelas  a  stock 
vaccine  prepared  from  a  number  of  strains  of  streptococci  obtained 
from  different  cases  of  erysipelas  is  exceedingly  useful  in  doses  of 
5  millions  and  10  millions  at  intervals  of  five  or  six  days.  In  the 
other  conditions  mentioned  the  initial  dose  of  autogenous  vaccine  is 
usually  about  2-1  millions,  sometimes  less  ;  occasionally  5  millions  may 
be  used,  according  to  the  severity  of  the  case.  Doses  are  given  every 
five,  six,  seven,  or  eight  days,  according  to  the  clinical  condition  of 
the  patient,  and  may  be  gTadually  increased  in  size  up  to  a  maximum 
of  perhaps  25  millions  or  50  millions. 

In  surgical  streptococcic  septicaemia  the  initial  dose  should  be 
exceedingly  small,  half  a  million  to  a  million  being  sufficient,  and 
should  be  repeated  at  intervals  of  two  to  three  or  perhaps  four  days. 
After  a  time  the  dose  may  be  raised  to  5  milhons  or  10  millions,  but 
it  is  exceedingly  rare  for  a  larger  dose  to  be  needed. 

Stock  vaccines  of  the  pyogenetic  staphylococci  and  streptococci 
have  a  distinct  sphere  of  usefulness  in  the  prophylactic  treatment  of 
burns,  scalds,  and  compound  and  comminuted  fractures,  during  the 
course  of  treatment  of  which  infection  by  one  or  both  of  these  groups  of 
organisms  so  frequently  occurs.  A  prophylactic  dose,  directly  the  case 
is  seen,  of  5  to  25  million  streptococci,  and  from  50  to  250  million 
staphylococci,  should  be  administered.  In  the  opinion  of  many 
surgeons  this  preventive  treatment  results  in  a  very  distinct  improve- 
ment in  the  statistics  of  cases  of  this  type. 

Pneumococcus. — Of  the  surgical  infections  due  to  pueumo- 
coccus,  abscess-formation,  peritonitis,  empyema,  septic  arthritis,  and 
otitis  media  are  those  which  most  frequently  come  under  the  notice 
of  the  surgeon.  Like  the  streptococcus,  strains  of  pneumococci  differ 
so  markedly  among  themselves  that  autogenous  vaccines  are  essential 
to  successful  treatment.  For  the  preparation  of  autogenous  vaccine, 
the  pneumococcus  should  be  grown  on  blood-agar  at  37°  C.  for  24  hours, 
and  the  emulsion  sterilized  by  heating  in  a  water-bath  for  one  hour 
at  58°  C.  The  initial  dose  should  be  from  2J  to  5  million  pneumo- 
cocci, according  to  the  age  of  the  patient  and  the  severity  of  the 
infection.  Doses  may  be  given  every  six  days,  and  gradually  raised 
imtil  50  millions  are  injected  at  one  time. 
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Gonococcus. — Urethritis,  prostatitis,  epididymitis,  cystitis,  iritis, 
conjunctivitis,  and  artliritis  are  all  infections  that  yield  to  vaccine 
treatment,  which  should  be  initiated  in  the  acute  stages  whenever 
possible.  In  the  ^preparation  of  autogenous  vaccine  the  gonococcus 
should  be  grown  upon  blood-agar  for  24  hours  at  37°  C,  and  the 
emulsion  killed  by  exposure  to  a  temperature  of  58°  C.  for  one  hour. 
The  vaccine  treatment  of  gonococcal  infections  has  been  tluis  sum- 
marized by  Stewart  and  the  present  writer  :  ^ — 

""  I.  Acute  (jo)ion-/irea. — 1.  Gonococcus  vaccine  is  marlcodly  toxic  and 
exerts  a  profound  influence  over  the  disease. 

""  2.  For  routine  worlc  (hospital  out-patients,  etc.)  vaccine  treatment 
is  not  devoid  of  danger  and  requires  the  exercise  of  considerable  caution. 

"  3.  A  stock  vaccine,  comprising  a  dozen  different  strains,  gives 
results  only  slightly  inferior  to  those  observed  when  using  a  vaccine 
pre23ared  from  the  patient's  own  organism.  Tliis  is  not  the  rule  in 
most  other  diseases. 

"■  4.  Small  doses,  repeated  at  short  intervals,  are  more  effective 
than  large  doses  at  lengthened  intervals. 

'■  5.  Small  doses  of  vaccine  (from  1  million  to  10  million  cocci)  are 
safer  and  more  satisfactory  than  the  large  doses  (from  50  millions  to 
100  millions)  wliicli  are  often  prescribed. 

'■  6.  After  an  injection  of  from  half  a  million  to  2  millions  the 
negative  phase  is  either  absent  or  extremely  transient. 

■■  7.  An  inoculation  of  from  5  millions  to  10  millions  causes  a 
negative  phase  of  usually  not  longer  than  48  liours"  duration,  followed 
by  a  positive  phase  of  from  three  to  five  days. 

'■  8.  Vaccine  in  small  doses  serves  the  double  ^^nrpose  of  raising  avd 
steadying  the  opsonic  index.  A  steady  index  just  above  normal  is 
found  to  be  the  most  favourable  condition  for  rapid  recovery. 

"  II.  Simple  chronic  gonorrhcea. — 1.  Where  the  gonococcus  has 
ceased  to  be  the  infecting  organism,  these  cases  are  on  a  par  with  other 
chronic  inflammatory  states,  but  are  frequently  more  difficult  to  cure 
owing  to  environment  and  local  conditions. 

'■  2.  Chronic  cases,  where  the  gonococcus  is  the  sole  infecting 
organism,  have  a  better  prognosis  from  the  point  of  view  of  treatment 
by  vaccine  than  a  mixed  infection  or  one  of  staj^hylococcus  only. 

''III.  Chronic  gonorrhcea  with  complications. — 1.  The  estimation  of 
the  opsonic  index  is  helpful  to  diagnosis,  and  is  a  useful  means  of 
determining  approximately  the  opsonic  state  of  the  blood.  Chronic 
gonococcus  infections,  however,  present  clinical  features  wliich  them- 
selves afford  valuable  indications  during  the  course  of  vaccine 
treatment. 

'■  2.  Where  tlie  gonococcus  alone  is  the  infecting  organism,  if  the 
^Lancet,  1909,  ii.  76. 
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opsonic  index  cannot  be  obtained  as  frequently  as  is  desirable,  routine 
injections  of  from  1  million  to  2  million  cocci  every  three  to  five  days 
are  safe  and  satisfactory  ;  a  lapse  of  five  to  seven  days  after  doses 
of  5  millions  ;  an  interval  of  eight  to  ten  days  after  inoculation  of 
10  millions.    Larger  doses  than  these  are  seldom  desirable. 

'■  3.  Treatment  by  small  and  gradually  increasing  doses  at  frequent 
intervals  should  at  all  times  be  observed  ;  the  use  of  large  doses  is  even 
more  dangerous  than  in  acute  cases,  and  may  be  followed  by  disastrous 
consequences. 

"  4.  In  orchitis,  small  doses  of  vaccine  quickly  relieve  pain  and 
cause  a  more  rapid  abatement  of  symptoms  than  is  obtained  by  the 
usual  routine  treatment  alone. 

"  5.  In  iritis  the  severe  pain,  which  is  a  marked  and  obstinate 
feature,  is  relieved  in  48  hours  after  an  injection,  and  disappears  in 
from  three  to  four  days  ;  cure  is  much  hastened. 

"  6.  In  arthritis  the  treatment  is  of  considerable  value." 

Micrococcus  catarrhalis. — Under  this  term  is  included  a 
group  of  closely  alhed  cocci  most  usually  met  with  in  catarrhal  con- 
ditions of  the  mucous  membrane  of  the  nose  and  throat.  Surgically, 
M.  catarrhalis  is  found  sometimes  as  the  sole  responsible  organism 
in  pyorrhoea  alveolaris,  sometimes  associated  with  either  the  Strep- 
tococcus pyogenes  or  the  Diplococcus  pneumonia',  or  with  both.  Vac- 
cines of  this  organism  should  always  be  autogenous.  The  coccus 
should  be  grown  on  nutrient  agar  at  37°  C.  for  24  hours,  and  killed 
by  exposure  to  57°  C.  for  1  hour.  As  the  toxicity  varies  consider- 
ably with  the  different  strains,  it  is  always  well  to  commence  with 
small  (.5-million)  doses  at  intervals  of  four  or  five  days,  gi  adually  raising 
the  dose  up  to  50  or  even  100  millions  as  the  patient  responds  to  the 
injections.  With  the  larger  doses,  intervals  of  eight  to  ten  days  are 
advisable.  In  the  treatment  of  pyorrhoea,  local  treatment,  i.e.  scaUng, 
and  dressing  of  the  pockets  round  the  teeth  should  be  carried  on  side 
by  side  with  vaccine  treatment.  As  many  patients  show  a  very  marked 
negative  pliase  if  the  hypodermic  inoculation  of  the  vaccine  is 
administered  within  a  short  time  of  the  mechanical  treatment  of  the 
mouth,  an  injection  should  not  be  given  within  a  couple  of  days  of 
local  treatment. 

Bacillus  coli  communis. — The  surgical  conditions  in  which 
this  organism  is  met  witli  include  appendicitis,  peritonitis,  cystitis, 
pyelitis,  colitis  and  ischio-rectal  abscess,  as  well  as  other  localized 
suppurative  processes.  Stock  vaccines  of  B.  coli  are  practically  worth- 
less. In  the  preparation  of  autogenous  vaccines  the  organism  should  be 
grown  on  nutrient  agar  at  37°  C.  for  24  hours,  and  killed  by  exposure 
to  58°  C.  for  1  hour.  In  acute  conditions  due  to  B.  coli  2|  milhons 
may  be  all  that  the  patient  can  stand.    Usually,  doses  of  5  milhons 
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can  be  given  at  intervals  of  four  or  five  days,  proceeding  to  doses  of 
10  millions  at  intervals  of  about  a  week.  Finally,  doses  of  50  millions 
can  be  given,  sometimes  at  weekly  and  sometimes  at  fortnightly  inter- 
vals, according  to  the  resistance  of  the  patient,  tlie  chnical  symptoms  in 
coli  infections  forming  a  very  rehable  guide.  The  nausea  and  ano- 
rexia, together  with  the  rise  in  temperature,  which  marks  the  negative 
phase,  should  not  exceed  24  hours  in  duration,  and  the  size  of  the  dose 
or  the  interval  between  the  doses  should  be  so  regulated  that  a  short 
negative  pliase  is  obtained.  Prophylactic  injections  of  vaccines  of  the 
colon  bacillus  prepared  from  the  patient's  alimentary  canal  are  of 
distinct  value  as  a  routine  preparation  for  appendix  operations  other 
than  those  of  emergencv. 

B.  pyocyaneus. — This  organism  is  frequently  met  with  as  the 
causative  agent  in  abscess-formation,  in  idcerative  colitis  and  otitis, 
and  is  also  commonly  concerned  in  suppuration  following  extensive 
burns  and  scalds.  The  vaccine  sliould  be  prepared  in  a  similar 
manner  to  that  mentioned  for  B.  coli,  and  the  injections  should 
be  given  at  intervals  of  five  or  six  days,  commencing  with  doses  of 
50  millions,  and  rising  gi'adually  to  doses  of  100  or  200  millions. 

Bacillus  pneumoniae  is  met  with  in  abscesses,  especially 
those  in  the  neighbourliood  of  the  kidney,  and  in  empyemata,  also 
in  localized  abscesses  in  other  situations.  The  initial  dose  of  this 
organism  is  5  to  10  millions,  rising  to  doses  of  100  millions,  the  intervals 
being  usually  six  or  seven  days. 

Bacillus  mallei. —  The  vaccine  treatment  of  acute  glanders 
is  by  no  means  successful.  Subacute  and  chronic  cases  may  apjsear 
for  a  time  to  do  well,  but  similar  improvement  in  the  clinical  con- 
dition of  these  patients  has  been  observed  under  any  form  of  treatment, 
and,  so  far  as  one  can  see,  the  final  results  are  the  same.  The  employ- 
ment of  vaccines  in  tliese  t-onditions  is,  therefore,  not  advocated. 

Bacillus  tuberculosis. — In  the  various  forms  of  localized 
tuberculosis  tiie  use  of  vaccine  (tuberculin)  prepared  from  this  organ- 
ism is  of  the  utmost  value.  Many  cases — joints,  bones,  epididymi--, 
kidney,  etc. — that  would  formerly  have  been  operated  upon  the 
moment  the  condition  was  recognized,  will  in  favourable  circum- 
stances undergo  complete  cure  with  the  use  of  tubercuhn  alone  ; 
although,  where  the  tuberculous  process  is  well  advanced  before  the 
diagno.sis  is  made,  it  is  advisable,  if  in  any  way  possible,  to  remove 
the  local  focus,  in  order  to  shorten  the  period  of  treatment.  Care 
must  also  be  taken  to  exclude  phthisis  when  commencing  a  course  of 
tuberculin  treatment,  for  my  experience  has  been  that  patients  who 
suffer  from  surgical  tuberculosis  complicated  with  phtlusis  require 
exceedingly  small  doses  of  tuberculin,  and  that  usually,  while  the  local 
lesion  rapidly  mends,  the  infection  of  the  lungs,  so  far  from  being 
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improved,  either  remains  stationary  or,  as  more  commonly  happens, 
actually  progresses  at  a  more  rapid  rate  than  before.  New  Tuberculin 
(T.R.)  should  be  employed,  that  prepared  from  human  strains  of  B. 
tuberculosis  for  all  ordinary  cases,  but  that  prepared  from  bovine 
sources  should  be  used  in  cases  complicated  with  phthisis.  Some  of 
these  latter  do  fairly  well  with  Calmette's  Tuberculin  (CL.).  The  dose  of 
tubercuUn  varies  somewhat  with  the  age  of  the  patient.  A  small  child 
would  receive  perhaps  O'OOOl  or  even  O'OOOOo  mg.,  while  a  fairly  well 
nourished  adult  would  commence  with  0'0002  or  O'OOOl  mg.  The  treat- 
ment of  tuberculosis  of  the  kidney  must  be  started  with  very  small 
doses,  O'OOOOS  mg.,  proceeding  as  the  patient  improves  to  O'OOOl,  0"0002, 
and  0'0004  mg.  The  intervals  between  doses  of  tuberculin,  if  the 
opsonic  index  is  not  available  as  a  guide,  should  be  10-14  days.  When 
a  dose  of  0  000.5  is  reached,  an  interval  of  16-18  days  will  generally 
meet  the  case.  Where  the  index  is  not  estimated,  the  weighing- 
machine  is  the .  most  important  indication  as  to  the  correctness  or 
otherwise  of  the  dose  and  interval.  Tuberculous  patients  doing  well 
under  tuberculin  gradually  and  steadily  increase  in  weight,  and  any 
error  in  dosage  is  promptly  followed  by  a  fall  in  body  weight. 
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By  J.  M.  BEATTIE,  M.A.,  M.U. 

TiiKKK  can  be  no  donbt  that  in  the  majm-ity  of  cases  the  most 
striking  features  in  an  intiamed  area  are,  as  will  be  more  fully  shown 
later,  the  dilatation  of  the  vessels,  the  slowing  or  even  the  complete 
arrest  of  the  local  cii'culation,  the  exudation  of  serum,  and  the  inuni- 
gration  of  leucocytes.  But,  side  by  side  with  these  changes,  the 
local  tissues  are  reacting  in  a  way  which  is  antagonistic  to  the  agent 
that  has  brought  about  the  vascular  changes.  The  connective-tissue 
and  other  cells  are  proliferating,  new  vessels  are  being  formed,  and 
various  changes  which  have  for  their  object  the  repair  of  the  chiniaged 
area  are  present  in  a  greater  or  less  degree.  It  is  impossible  in  any 
given  inflammatory  area  to  say  where  the  \  ascular  changes  end  and 
the  so-called  reparative  changes  begin. 

Moreover,  in  a  true  inflammatory  condition,  one  or  all  of  the 
vascular  changes  may  be  absent,  or  may  be  so  slight  or  so  transitory 
as  to  be  almost  negligible.  Again,  in  non-vascular  areas,  such  as 
the  cornea,  the  degree  of  ir-ritation  may  determine  the  nature  of  the 
reaction.  There  may  be  only  slight  proliferation  of  the  corneal 
corpuscles,  or  there  may  be  leucocyte  emigration,  new  vessel  forma- 
tion, etc.,  and,  in  fact,  all  the  changes  which  are  seen  in  a  vascular 
area. 

The  majorit}'  of  pathologists  now  accej^t  the  definition  of  Burdon- 
Sanderson,  that  inflammation  is  the  succession  of  clianges  occurring 
in  a  part,  as  the  result  of  injury,  provided  that  that  injury  be  not 
so  excessive  as  to  destroy  the  vitality  of  the  part."  This  definition 
carries  us  much  beyond  the  view  that  inflammation  is  a  destructive 
process.  It  is  a  reaction  to  injury,  and  has  largely  for  its  object  the 
repair  of  that  injury.  Destructive  processes  are  always  present,  and 
may  be  in  the  ascendant  :  but  the  reparative  processes,  too,  are  never 
completely  absent,  and  in  many  cases  they  are  in  excess  of  and  more 
important  than  the  destructive  ones. 

Thus,  strictly  speaking,  it  is  not  practicable  to  separate  the  two 
processes  of  iiiflaiiniiation  and  repair  ;  but  for  convenience  of  study 
it  is  advisable  to  describe  the  processes  as  if  they  were  indej^endent 
of  one  another,  or  rather  as  if  repair  were  a  seijuel  of  inflammation. 
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ACUTE  INFLAMMATION 

It  is  important  to  bear  in  mind  that  inflammation  is  not  a  disease, 
but  is  tlie  result  of  some  noxious  influence  acting  upon  tlie  tissues, 
and  that  when  the  cause  is  removed  the  process  will  gradually  cease. 
The  heat,  redness,  pain,  and  swelling  which  have  always  been  asso- 
ciated with  acute  inflammation  are  easily  explained  by  a  study  of 
the  changes  which  take  place.  The  mesentery  and  the  web  of  the 
foot  of  the  frog  have  been  largely  made  use  of  in  experiments  on  in- 
flammation. Equally  convincing  results  may  be  obtained  by  using 
the  omentum  of  the  rabbit  or  of  the  guinea-pig  (Plate  10).  If  any 
of  these  membranes  are  exposed  under  a  microscope,  a  continuous 
stream  of  blood  can  be  made  out  in  tlie  capillaries,  arteries,  and  veins  ; 
and  if  a  vessel  of  sufficient  size  is  examined,  it  will  be  observed  that 
the  blood-stream  may  be  divided  into  a  central  yellowish  zone,  con- 
taining the  blood  cells,  and  a  clear  peripheral  or  plasmatic  zone, 
containing  only  an  occasional  leucocyte.  Observations  on  the  rate 
of  flow  show  that  in  the  areas  in  which  the  capillaries  and  venules 
are  dilated,  the  stream  is  slower  than  at  other  parts.  Between  the 
vessels  there  are  fibrous  and  elastic  tissues,  as  well  as  nodules  of 
lymphatic  tissue. 

If  an  irritant  is  applied  to  the  membrane,  a  series  of  phenomena 
which  are  classed  under  the  term  "  inflammation  "  is  observed.  Imme- 
diately after  the  application  of  the  irritant  there  is  a  stage  of  anaemia, 
in  which  the  arteries  are  contracted  and  the  blood-flow  accelerated. 
This,  however,  is  only  a  transitory  phenomenon,  and  is  followed  by 
a  dilatation  of  the  vessels,  especially  of  the  venules  and  capillaries, 
and  a  slowing  of  the  blood-stream.  This  slowing  may  be  extremely 
marked,  and  at  local  areas  there  may  be  actual  arrest  of  the  blood- 
flow.  A  change  is  also  observed  in  the  contents  of  the  vessels,  for, 
with  the  slowing  of  the  stream,  the  clear  plasmatic  layer  becomes 
gradually  obscured,  and  careful  examination  shows  that  the  leuco- 
cytes, especially  the  polymorphonuclear  variety,  have  passed  from 
the  central  to  the  peripheral  clear  layer,  and  are  becoming  adherent 
to  the  lining  membrane  of  the  vessels.  The  part  is  now  red,  and  con- 
siderably swollen,  and  is  seen  to  be  bathed  with  lymph.  The  redness 
is  due  to  the  dilatation  of  the  vessels,  and  the  swelling  mainly  to  the 
accumulation  of  lymph  which  has  exuded  from  the  dilated  vessels. 
More  careful  observation  of  the  leucocytes  will  show  their  amoeboid 
character  becoming  very  pronounced  :  the  pseudopodic  processes 
are  pushed  against  the  walls  of  the  minute  vessels,  and  gradually 
project  through  them.  The  leucocytes  become  elongated  and  pear- 
shaped,  and  eventually  escape  into  the  surrounding  tissues  by  the 
minute  apertures  through  which  the  pseudopodia  were  first  projected 


.Ass^WL^hrj   

in  the  omentum  of  a  guinea-pig, 
shonmg  a  d.lnted  vessel  in  the  centre,  filled  with  leucocytes 
<jreat  numbers  of  emigrated  cells  are  also  seen.    X  200. 
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Fig.  2 -  Acute  inHammation  in  the  omentum  ol  a  guinea-pig.  show- 
ng  marked  emigration  of  the  leucocytes  at  the  junct  on  of 
tributaries  of  the  vessels.    X  200. 

Plate  10. 
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Fig,  1. — Acute  peritonitis — second  day — showing  fibrinous  and  cellular 
exudate.    X  60. 


Fig.  2. — Acute  abscess  in  the  kidney,  showing  central  cellular.exudate 
with  peripheral  congested  vessels  and  haemorrhage.    X  60. 

Plate  11. 
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(Plate  10,  Fig.  1).  The  transudation  ol'  lyjn])li  and  tlie  emiuration  of 
](nicoc3'tes  become  pronounced  in  a  few  liours  and  obscure  the  j)icture. 
For  tlie  later  changes,  portions  of  the  membrane  from  one  animal,  or 
])referably  the  membrane  from  different  animals,  should  be  icnioved, 
fixed,  and  stained  at  dilTerent  periods  of  time,  and  iu  this  way  the 
\vliole  series  of  changes.  fi-.)in  1  lie  lime  of  a|)])li(a1  ion  ol  tlie  irritant  to 
the  time  when  healing  is  coinj;lete,  may  be  examined. 

[Many  of  the  changes,  as  lias  already  been  indicated,  go  on  side 
b\'  side,  but  for  i  MiuiMiience  of  study  each  may  lie  dealt  with  in  turn. 

I.  Slowing  of  the  blood-stream.— This  is  an  carlv 
lihenoiiienon  wliicli  gradually  increases  :ind  may  on  to  actual 
arrest  (stasis)  of  the  l)lood-.stream.  It  is  dependent  upon  several 
factors,  of  which  the  dilatation  of  the  vessi^ls  is  prol)ably  one  of 
the  most  important,  this  Vicing  brought  alioul  by  the  irritant 
acting  dii'cctly  on  the  vascular  wall,  or  through  the  intervention  of 
the  local  vaso-motor  apparatus.  Tlie  injurious  agents  which  give 
rise  to  the  inflammatory  reactions  act  directly  upon  the  endothelial 
cells  lining  the  vessels.  These,  becoming  swollen,  project  into  the 
lumen  of  the  vessels,  and  give  rise  to  greater  frictional  resistance 
to  the  flow  of  the  blood.  Lister  showed  that  during  inffamraation 
the  rod  blood-corpuscles  become  more  viscid  ;  and  Colmlieim  and 
others  have  clearly  demonstrated  that  during  the  process  of  stasis 
the  leucocytes  accumulate  in  great  numbers  in  the  peripheral,  plas- 
matic blood-stream,  and  attach  themselves  to  the  walls  of  the  vessels. 
These  two  factors  must  aid  in  increasing  the  friction.  In  addition 
to  this  increase  of  resistance  in  the  vessels,  the  loss  of  elasticity  and 
contractile  power,  brought  about  Ijv  the  causal  poisons  and  by  the 
impairment  of  nutrition  which  act  injuriously  upon  the  various  tissues 
in  the  walls  of  the  vessels,  must  also  aid  in  the  production  of  stasis. 
The  vessels,  and  especially  the  venules  and  capillaries,  become  unduly 
stretched,  producing  an  increased  intravascular  pressure  and  a  further 
dilatation.  In  conse(|uence  of  the  nutritive  alterations  in  llie  walls 
ol  the  vessels  a  considerable  increase  talccs  place  in  the  transudation 
of  lymph,  the  blood  plasma  becomes  more  ins])issated.  and  its  rate  of 
How  niav  tlius  be  decreased. 

Thrombosis  of  minute  vessels  is  a  familiar  feature  of  early 
inllammatorv  reactions,  and  is  due  partly  to  the  .slowing  of  the  blood- 
stream, partly  to  the  irregular  dilatation  of  the  lumen — this  irregularity 
producing  etldies  in  \-arious  sections  of  the  vessels.  An  important 
factor  in  this  process  is  the  action  of  the  poisons,  which  not  only  render 
the  blood  more  coagulable,  but  produce  destructive  changes,  whereby 
the  normal  smoothness  of  the  internal  lining  of  tlie  vessel  is  lost. 

As  the  blood-stream  becomes  sluggish,  there  is,  as  has  already 
been  stated,  a  rearrangement  of  the  relative  positious  of  the  fluid 
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and  the  formed  elements  of  the  blood.  The  leucocytes  and  the  blood 
platelets  fall  out  into  the  clear  plasmatic  peripheral  stream  ;  but, 
just  before  actual  stasis,  the  leucocytes  tend  to  return  to  the  centre, 
and  a  general  mixing  of  tlie  elements  takes  place,  though  in  all  cases 
numbers  of  the  blood  platelets  remain  at  the  periphery  adherent 
to  the  walls  of  the  vessels.  This  rearrangement  of  the  corpuscular 
elements  is  a  purely  physical  phenomenon.  So  long  as  the  velocity 
of  the  stream  is  mamtained  at  a  sufficiently  high  standard,  the  formed 
elements  occupy  the  axial  part,  but  when  it  becomes  lessened  they 
tend  to  pass  to  the  periphery.  The  leucocytes  and  blood  platelets, 
being  of  a  lower  specific  gravity  than  the  red  corpuscles,  reach  the 
peripheral  stream  first,  but  with  further  slowing  the  red  corpuscles 
also  pass  from  the  centre,  and  a  mixing  of  all  the  elements  takes  place. 
The  blood  platelets  form  the  basis  of  all  true  ante-mortem  thrombi, 
and  it  is  because  of  their  accumulation  in  the  peripheral  stream  and 
their  adhesion  to  the  walls  of  the  damaged  vessels  that  thrombosis 
is  so  frequently  seen  in  the  early  stages  of  the  inflammatory  process. 
The  exact  chemical  reaction  which  takes  place  in  the  production  of 
thrombi  is  uncertain.  The  blood  platelets  in  their  staining  reactions 
resemble  the  nucleo-proteuis,  and  it  is  quite  possible  that  they 
may  be  in  part  the  source  of  the  nucleo-protein  (prothrombin  or 
thrombogen)  which,  acting  in  conjunction  with  thrombo-kinase  and 
with  the  fibrinogen  and  calcium  salts  normally  present  in  the  circu- 
lating blood,  brings  about  the  formation  of  fibrin  and  produces 
coagulation. 


Schema  (after  Halliburton^). 


From  the  platelets,  and 
to  a  lesser  degree  from 
tlie  leucocytes,  a  mate- 
rial is  shed  out,  called — 


Thkombogen 


From  tlie  formed  elements  of 
the  blood,  and  from  the  tissues 
over  which  the  escaping  blood 
flows,  is  shed  out  an  activating 
agent,  called — 


Thkombo-kinase 


In  the  blood  plasma 
a  protein  substance 
exists,  called — 


Fibrinogen 


In  the  presence  of  calcium  salts,  thrombo- 
kinase  activates  thrombogen  in  such  a  way 
that  an  active  enzyme  is  produced,  which  is 
called —  Thrombin 


Thrombin  or  fibrin  ferment  acts  on  fibrinogen  in  such  a 
way  that  it  is  transformed  into  the  insoluble  stringy  material 
which  is  called —  Fibrin. 


1  "Essentials  of  Chemical  Physiology,"  p.  123,  1909. 
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Peritoneal  exudate,  24  hours  after  intraperitoneal  injection  of  /;.  c/i 
r,>ii!iiiii://s,    showing   relative  proportion   of    mononucleated   to  poly- 
morphonuclear cells,  active  phagocytosis  of  bacilli,  and  ingestion  of 
polymorphs  and  eosinophils  by  the  mononuclears.     x  i.ooo. 
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2.  Transudation  of  lymph. — The  outllow  of  lyinph  from 
tlie  vessels  bei.-oiiu's  ww  nuicli  increased  duriuu  the  iutiaiuiuatory 
process,  and  is  one  of  the  main  causes  of  the  swellinif  of  tlie  parts. 
This  increased  transudation  is  one  of  the  earliest  observed  phenomena, 
and  within  two  hours  it  liecomes  marked.  The  amount  vai'ies  con- 
sideral)ly,  and  is  dependent  laruelv  upon  the  situation  in  wliicli  it 
occurs,  tliouiih  the  nature  and  the  intensity  of  the  causal  ii-ritant,  as 
well  as  the  oeiieral  health  of  the  patient,  play  an  important  part  in  the 
process. 

In  situations  where  the  tissues  are  la.x;  (e.<i-.  about  the  eyelids) 
or  where  the  degree  of  external  pressure  is  small  (e.g.  in  the  pleural 
cavities)  the  accumulations  of  fluid  may  be  very  large  and  the  swell- 
ing considerable  in  amount ;  whereas  in  solid  tissues  (e.g.  the  kidneys) 
or  in  situations  where  there  is  considerable  external  resistance  (e.g. 
under  the  periosteum)  the  e.vudation  mav  be  comparatively  scanty 
and  the  swelling  an  inconspicuous  feature.  From  causes  which  are 
iioi  fidly  understood,  certain  bacterial  irritants  cause  much  greater 
transudation  than  others,  and  the  same  irritant  may  produce  at  one 
time  considerable  accunndat ions  of  fluid  and  at  other  times  a  very 
scant\'  exudate.  In  a  certain  proportion  of  cases  ,  these  differences 
are  to  i)e  exjihiined  l)v  ditferences  in  the  ti.ssues  acted  upon.  Thus, 
in  (lel)ilitating  diseases,  where  there  is  ])ronounced  an;emia  with 
grave  alterations  in  the  condition  of  the  blood  and  changes  in  the 
walls  of  the  vessels,  transudation  occurs  with  great  readiness.  The 
swelling  of  the  endothelial  lining  cells,  the  loosening  of  the  cement 
sulistance  between  them,  and  the  other  degenerative  changes  in  the 
cells  themselves  which  result  from  the  inflammatory  process,  produce 
a  condition  of  ureater  porositv  of  the  walls  of  the  capillaries  and  venules. 
This,  combined  with  the  increased  pressure  in  the  dilated  and  engorged 
vessels,  is  the  main  cause  of  the  increased  transudation  of  lymph.  If  the 
view  that  the  endothelial  cells  lining  the  blood-vessels  have  a  selective 
capacity  in  lymph  transudation  is  accepted,  it  must  be  admitted  that 
an  alteration  in  this,  a  very  probable  result  of  inflammatory  or  other 
destructive  processes,  mav  be  of  considerable  importance  in  increas- 
ing the  output  of  l\"mph. 

Function  of  the  exudates. — It  may  be  stated  generally 
lliat  the  exudates  have  a  decidedly  beneficial  action,  not  merely 
locally,  but  even  at  some  distance  from  the  site  at  which  the  irritant 
is  acting.  At  and  around  the  site,  in  the  case  of  bacterial  irritants 
at  any  rate,  toxins  and  metabolic  poisons  are  being  produced,  and 
the  transuded  lymph  must  dilute  these  poisons,  and  thus  render 
them  less  harmful  to  the  surrounding  tissues  and  to  the  organism  as  a 
wiiole.  Further,  the  exudates  will  contain  the  various  antitoxic,  anti- 
liacterial.  and  other  protective  substances  which  are  known  to  be 
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produced  by  various  toxic  agents,  and  which  must  be  present  in 
the  blood-serum.  These  antibodies  may  act  locally  on  the  bacteria, 
but  they  will,  in  addition,  thorouglily  infiltrate  the  neighbouring 
tissues,  and  be  carried  by  the  lymph  channels  to  all  parts  of  the 
organism.  They  may  thus  act  on  bacteria  at  distant  psirts,  or,  what 
is  perhaps  more  important,  antagonize  the  various  toxic  products 
which  are  being  distributed  throughout  the  body  by  way  of  the 
blood-stream. 

The  success  of  Bier's  method  of  "  congestive  "  treatment  is,  no 
doubt,  due  in  part  to  this  bathing  and  flushing  of  the  tissues  with 
the  serum  which  escapes  from  the  obstructed  and  dilated  vessels. 
Wright  has  strongly  urged  this  flushing  of  the  tissues  with  lymph 
as  an  aid  to  his  "  opsonic  "  treatment ;  and  part,  at  any  rate,  of  the 
success  of  that  treatment  is  due  to  the  dilution  of  the  toxic  products 
and  the  carriage  of  antibodies,  including  the  opsonins,  to  the  centres 
of  infection. 

While  the  value  of  this  flushing  of  the  tissues  at  the  region  of  irri- 
tation must  be  fully  admitted,  one  must  also  recognize  its  danger  to 
the  organism  as  a  whole  ;  for,  with  the  distribution  of  the  protective 
substance,  there  must  of  necessity  be  also  a  distribution  of  the  locally 
produced  toxins  and  other  poisons.  In  this  way,  therefore,  these 
may  be  carried  into  the  general  circulation,  and,  if  at  all  powerful, 
may  give  rise  to  widespread  poisoning  effects.  Thus,  it  is  obvious 
that  "  flushing  with  serum  "  as  a  method  of  treatment  should  be  used 
with  great  care,  and  only  in  cases  where  no  very  active  poison  is  likely 
to  be  disseminated. 

In  addition  to  this  flushing  action,  the  exudates  loosen  and  sepa- 
rate the  tissues,  thus  aiding  the  passage  of  the  leucocytes  in  their 
protective  work,  and,  by  separating  inflamed  surfaces — e.g.  the  costal 
and  visceral  pleura — they  lessen  the  amount  of  irritation  and  encourage 
the  healing  process.  Further,  the  fibrin  which  is  formed  in  all  acute 
inflammatory  exudates  (Plate  11,  Fig.  1)  serves  to  coat  over  inflamed 
surfaces,  protects  them,  and  also  tends  to  localize  the  area  of  inflam- 
mation. Again,  the  fibrin  acts  as  a  sort  of  scaffolding  during  the 
processes  of  repair,  holding  together  the  two  opposed  surfaces,  and 
allowing  the  newly  formed  blood-vessels  and  the  connective-tissue 
cells  to  extend  easily  from  one  to  the  other. 

3.  Escape  of  red  blood-corpuscles.  —  The  amount  of 
blood  in  inflammatory  exudates  varies  considerably.  Small  accumu- 
lations of  red  blood-corpuscles  may  be  seen  scattered  irregularly 
throughout  the  inflamed  area,  or  the  exudate  may  be  markedly 
haemorrhagic  in  character.  The  latter  condition  is  generally  due 
to  some  constitutional  condition,  or  to  a  widespread  degeneration 
of  the  vessels,  brought  about  by  the  action  of  a  toxin  or  other 


FifJ.  I.  —  Peritoneal  cfi'iision.  48  hours  after  inlraperitoncnl  injeclion  of  H.  coli 
comniiinis.  showing  pseiidopodia  of.  vaciiolation  in.  and  phagocytosis  by  the 
mononiiclcatcd  cells. 


«»  c  • ...  ' ^ 

Fig.  2.  —  IV'ritoneul  etlusion,  hours  ailcr  intraperitcuieiil  inject i<in  ot  H.  coli 
communis  in  a  fatal  case,  showing  excessive  predominance  of  polymorpho- 
nuclear leucocytes  and  comparative  absence  of  phagocytosis. 

Plate  13. 
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irritant.  In  the  more  ustial  condition  the  icd  lilood-corpuscles  are 
fonnd  in  iiTcjulai-  cliinijj.s  close  to  the  \-csscIs  finni  wliicli  tliev  liave 
liccn  cjcclcd  ;  fur  ilicic  seems  little  dunKt  that  llicsc  accumulations 
are  associated  with  the  ruf)ture  of  the  wails  of  over-distended  vessels, 
especially  those  whos(>  endothelium  lias  under.ifone  de,ucnerative 
changes.  Their  conimdii  and  widi'spj-ead  occurrence  in  <;enei'al  septic 
poisonings  seems  to  j)oint  conclusively  to  the  view  that  vascular 
degeneration  is  an  important  causal  condition. 

4.  The  emigration  of  leucocytes. — Though  periiaps  not 
the  essential  change  in  inliammatKin,  ihe  emigration  of  leucocytes  is  a 
constant  feature  and  plays  an  e.\tremel\-  important  part.  As  has  been 
already  stated,  if  a  transparent  vascular  membrane  is  irritated,  the 
leucocytes  can  l)e  observed  collecting  in  the  pei-ipheral  stream  of 
t  lie  dihited  vessels  and  becoming  adherent  to  tiieir  walls.  If  carefully 
watched,  they  are  seen  protruding  pseudopodia  thmnuli  the  wall  of  the 
vessel;  the  external  pait  of  the  pseudopod  gradual! v  mcicases  in  size, 
and  by  degrees  the  whole  leucocyte  migrates  to  and  wanders  in  the 
circumvascular  tissues,  eventually  reaching  the  no.xious  aeent  or  the 
site  of  damage.  In  most  cases  migration  takes  place  through  the  walls 
of  the  capillaries  and  venules,  and  is  most  marked  at  tlie  junction  of 
t  riliiilaries  (Plate  ID.  Fig.  '2).  the  leucocytes  passing  between  the  en- 
dothelial cells,  and  their  passage  being  aided  by  softening  of  the  cement 
substance  there.  Though  in  acute  inflammatory  conditions  the  poly- 
morphonuclear cells  are  the  most  active  in  the  process  of  migration, 
yet  it  is  now  generally  agreed  that  all  forms  of  hirmal  leucocytes  are 
ama>boid  in  their  character,  and  in  virtue  of  this  property  are  able 
to  pass  through  thin  membranes,  at  any  rate,  .such  as  the  endothelium 
of  ca])illaries.  ]\Iany  of  them  can  penetrate  thick  layers  of  epithelium 
and  other  tissues,  and  in  their  passage  from  some  of  the  larger 
\-eins.  which  certainly  takes  place,  there  must  be  dehnite  migration 
through  hlirous  and  muscular  tissue. 

THE  CELLS  FOUND  LX   LXFLA.M.M  AK  Mt  V   KXI  DATES 

The  importance  of  cytology  in  diagnosis  is  now  generally  recog- 
nized, and,  thovigh  1  would  not  in  any  wa\-  minimize  its  value.  I 
feel  that  very  often  too  much  is  expected  fixim  it,  and  conclusions 
are  drawn  which  are  ipiite  unjustihalile.  The  study  of  the  cells  in 
various  inllammatory  exudates  forces  the  conclusion  that  no  cell  is 
sjiecitic,  and  that  the  difference  in  the  cells  of  one  exudate  from  those 
h|  another  is  dependent  more  on  the  period  of  time  the  irritant  has 
been  acting  than  on  the  nature  of  the  irritant.  It  is  true  that,  in 
some  cases,  a  diagnosis  of  tuberculosis  can  be  conliinied  hx  a  studv  of 
the  nature  of  the  cells  in  the  exudate,  but  it  would  be  a  risky  procedure 
to  make  the  diagnosis  on  the  examination  of  the  cells  alone.  Or, 
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again,  tlie  character  of  the  cells  in  an  exudate  may  suggest  malignant 
disease  as  the  causal  factor,  yet  those  who  have  studied  the  cells 
most  fully  would  probably  be  the  last  to  say,  on  such  evidence,  that 
any  given  case  was  malignant.  Therefore,  no  excuse  is  needed  for 
dealing  very  fully  with  the  cytology  of  inflammatory  exudates,  and, 
necessarily  in  association  with  it,  the  tissue  changes  which  are  con- 
cerned in  the  reparative  processes. 

1.  Polymorphonuclear  leucocytes.  ^ — Tliese  leucocytes, 
which  are  formed  in  the  bone-marrow,  are  the  principal  cells  of  the 
blood,  constituting  about  70  per  cent,  of  the  total  leucocytes.  They 
are  characterized  by  a  nucleus  which  is  segmented,  the  lobes  varying 
in  number,  and  being  connected  with  one  another  by  narrow  strands 
of  chromatin.  The  cytoplasm  is  fairly  abundant,  and  shows  small, 
irregularly  scattered  granules,  which  stain  red  with  eosin.  These 
cells  are  formed  from  the  large  mononuclear  myelocytes,  and,  in  the 
bone-marrow,  various  stages  in  the  process  of  their  evolution  may 
be  seen.  In  some  diseased  conditions — e.g.  leucocythsemia — these 
transitional  forms  appear  in  the  blood,  and  may  pass  from  the  blood 
into  inflammatory  exudates. 

At  inflammatory  foci,  in  people  whose  bone-marrow  is  not  abnor- 
mal, the  polymorphonuclear  leucocytes  are  present  in  about  three 
hours  after  the  inoculation  has  taken  place,  and  become  increasingly 
abundant  in  from  eighteen  to  twenty- four  hours  (Plate  12).  This 
increase  goes  on  progressively  until  the  irritant  has  been  overcome  or 
the  infected  individual  has  succumbed.  In  cases  in  which  these  cells 
are  able  to  overcome  the  noxious  agent,  there  may  be,  compared 
with  the  other  cells  present,  a  marked  diminution  of  the  polymorphs 
in  thirty-six  to  forty-eight  hours  (Plate  13,  Fig.  1).  This  is  still  more 
evident  in  from  sixty  to  seventy-two  hours,  and  in  from  eighty-four 
to  one  hundred  and  fifty  hours  the  polymorphonuclear  leucocytes  may 
have  completely  disappeared  from  the  exudate. 

In  cases  where  the  inflammatory  reaction  causes  death,  a  pro- 
gressive increase  of  these  cells  takes  place  (Plate  13,  Fig.  2).  In  fact, 
they,  continue  to  migrate  in  enormous  numbers  so  long  as  the  need  for 
defence  exists  and  the  strain  of  increased  production  can  be  borne 
by  the  blood-forming  tissues,  the  bone-marrrow,  etc.  The  imperfect 
and  scanty  production  of  these  cells  in  the  early  stages  of  an  inflam- 
mation often  means  a  bad  prognosis,  for  it  points  to  an  exhausted 
bone-marrow  wliich  cannot  respond  to  the  stimulus  that  is  being 
applied  to  it,  and  cannot,  therefore,  produce  the  great  cellular  defen- 
sive agents  of  the  body. 

The  time-results  of  the  reactions  which  are  given  above  are 
based  on  a  series  of  experiments  carried  out  by  me,  and  are  sum- 
marized as  follows  : — 


Peritoneal  exudate,  25  days  after  intraperitoneal  injection  of  /; 

mtnh'      7'"^  ^^f^'  ^^^g^  mononuclears    absence  of  poly- 

morphonuclears, and  possible  transition  forms  between  the  smLrand 
the  large  mononuclears.      x  1,000. 


Plate  14. 


Pleural  exudate  (left  side  from  same  case  as  in  Plate  17,  but  at  a  later 
period,  showing  excess  of  small  mononuclears  and  transitions  between 
these  and  the  large  (endothelial)  cells.    There  was  no  tubercle  in  this 

case.      X  1,000. 

Pi  ATE  15. 
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Summary  of  Ti.mf,  Results  after  Intk  M'KHnoNKAL  Ixjection  of  B.  coli 

NOX-FATAJ,  CASKS 

10  to  20  minutes  :  Very  few  polymoiphonuclear  leucocytes  found. 

1  hour  :  Vt'iy  slight  increase  in  number. 

2  to  2}y  hours  :  Increase  now  very  definite. 

3  hours  :   A  consideral)]e  number  present. 

4.V  to  6  hours  :  Increase  now  becoming  marked. 

G  to  .■?()  hours  :  Increase  goes  on  during  these  hours,  hut  is  inost  marked 

at  fi'iiin  (1  to  12  hours. 
30  to  :>()  (lull  48  hours  :   The  iiumliers  now  liegin  to  diminish. 
54  h'lurs  :    \  wry  pronounced  diminution  in  numbers. 
GO  to  ~rl  hours  :   Diminution  be^'omes  more  marked. 
78  hours:    Very  few  |)olymor])honuc]ear  jcucocytcs  present. 
84  to  96  hours  :  Still  a  few  ))resent. 

They  may  persist  for  a  few  <hiys.  hut  from  the  .")th  to  the  7th  chiy  they 
entirel}'  disappear. 

FATAL  CASES 

The  cells  are  foinid  about  the  same  time  l)ut  the  increase  is  maintained 
till  the  death  of  the  animal. 

2.  Coarsely  granular  eosinophiles. — These  cells  are  com- 
]iarativei\-  x  auiN-  in  iionnal  liloml.  an,!  .nc  easily  (listiiigiiislied  Ijy  their 
lu'illiantlv  ri'd  oosin-colou red  "I'aiuiles.  which  are  larger  and  more 
regtilnrh"  arranged  than  those  in  the  ])olvniorphonucl(>ai'  leucocvtes. 
Tlu'ir  presence  in  the  blood  in  large  iiunil)ers  usually  indicates  infec- 
tion with  an  animal  ])arasite,  and  in  such  cases  an  inHanmiatory 
exudate  inav  contain  a  considerable  number  of  these  cells.  In 
certain  cii-cumstances  and  in  special  infections  they  seem  to  talce  the 
])lace  of.  and  act  like,  the  i)olymorphoniiclears.  Thus,  Opii  lias  shown 
that  in  infections  with  Biicilhts  jii/oci/aneus  there  may  be  an  aliundant 
accumulation  of  eosinopliiles. 

It  is  not  necessary  to  enter  into  a  discussion  as  to  the  origin  of 
these  cells,  Init  it  is  important  to  remember  that  they  may  be  found 
locally  in  abundance  in  cases  wheic  they  are  ap])arently  not  in- 
ci'eased  in  the  circulating  blood.  In  nnicous  pol\"pi  of  the  nose, 
which  are  now  generallv  regarded  as  inflammatory  hyperplasias  of 
the  mucous  nienibi-ane.  eosinophile  leucocytes  may  Ite  found  in  con- 
siderable numiters.  Again,  in  certain  skin  diseases  (urticaria,  pem- 
phigus, etc.)  there  may  be  a  local  increase  ol  eosinophiles,  though 
usually  in  these  cases  the  increase  is  also  seen  in  the  circulatory 
blood.  It  has  l)een  shown  e.xperinientally  that  in  cases  of  pemphigus 
■where  there  was  a  local  eosinopliilia,  artificially  produced  abscesses 
showed  only  polymorphonuclear  leucocytes.  At  present,  therefore, 
the  presence  or  absence  of  eosinophiles  in  inflanunatory  exudates  is 
not  of  special  diagnostic  value. 
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3.  The  mononucleated  cells. — This  group  includes  a 
number  of  cells  wliicli  have  a  different  origin,  and  possibly  also  a  dif- 
ferent function.  Maximow  has  classed  these  under  the  term  "  poly- 
blasts,"  and  he  states  that  they  are  derived  mainly  from  the  lympho- 
cytes which  have  emigrated  from  the  blood-vessels,  though  the 
wandering  cells  pre-existing  in  the  connective  tissue,  and  pre-existing 
clasmatocytes  and  clasmatocyte-like  adventitial  cells — e.g.  perivascular 
lymphatic  tissue,  endothelial  cells,  cells  of  serous  membranes,  etc. — share 
in  their  production.  This  group  includes  the  lyinphocytes,  the  masi 
cells,  the  plasma  cells,  the  so-called  hyaline  leucocytes,  and  other  forms 
of  mononucleated  cells. 

(1)  The  lymphocytes. — These  have  been  divided  into  the  small 
and  the  large  forms,  and  are  specially  characterized  by  a  relatively 
large  darkly  staining  nucleus.  The  cytoplasm  in  the  small  variety 
is  very  scanty,  but  in  the  larger  it  is  more  abundant.  In  both  it  is 
granular,  the  granules  being  basophile  and  especially  marked  near 
the  periphery.  In  acute  inflammatory  exudates  these  cells '  are  not 
usually  numerous,  but  in  more  chronic  inflammatory  conditions  they, 
or  cells  which  cannot  be  difterentiated  from  the  htemal  lymphocytes, 
are  often  very  numerous  and  are  sometimes  collected  in  the  form  of 
irregularly  shaped  masses.  Exudates  rich  in  these  cells,  and  tissues 
infiltrated  by  them,  are  seen  especially  in  infection  with  B.  tuberculosis 
(Plate  14),  and  in  syphilis,  but  also  are  common  in  inflammatory 
conditions  which  have  lasted  for  several  days  (Plate  15),  and  in 
which  the  primary  state  was  a  polymorphonuclear  leucocytosis. 
Thus,  in  my  opinion,  an  exudate  rich  in  lymphocytes,  though  it  may 
suggest  tuberculosis,  is  not  by  any  means  diagnostic  of  that  condi- 
tion. Collections  of  these  lymphocytes  or  lymphocyte-like  cells  are 
found  in  the  tissues  where  the  bacterial  poisons  or  other  toxins  have 
been  acting  for  a  prolongad  period  (Plate  15).  They  are  well  seen  in 
the  kidney  in  the  less  acute  forms  of  nephritis,  and  in  the  kidney  and 
other  organs  in  prolonged  cases  of  infectious  diseases — e.g.  scarlet  fever. 

Whether  all  these  cells  migrate  from  the  vessels  is  a  matter  of 
very  great  doubt,  and,  though  migration  must  be  admitted,  I  strongly 
hold  with  Adanii  that  the  collections  of  lymphocyte-like  cells  seen  in 
the  tissues  and  exudates  are  derived  in  the  main  from  the  prolifera- 
tion of  cells  of  a  lymphoid  type  which  are  present  to  a  greater  or 
less  extent  in  various  situations,  but  especially  in  the  perivascular 
tissues. 

(2)  Mast  cells. — These  cells  are  easily  distinguished  by  the 
presence  in  them  of  irregularly  scattered  basophile  granules,  which 
vary  considerably  in  size.  In  my  experience  these  cells  do  not  take 
any  part  in  the  inflammatory  process,  but  it  is  possible  that  they 
may  be  degenerated  forms  of  other  cells. 


PLATIi  16. 
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(-3)  Plasma  cells  (I'iair  if.,  Fiu.  l). — Maximow  classes  these  as 
li:i'iiial  cells,  niaiiilx'  ilri  i\ rd  IVoni  t  he  1viii|i1hic\'I<'s  Adami.  (I('scril)iiig 
tlic  jilasiiia  cell,  says:  "  it  has  a  rclali\cl\'  small.  I'uiind  or  o\al.  not 
iiulcnrcd,  nucleus,  coarsely  graiiular,  rich  in  idironiatin,  and  further 
stainin^i'  darkly  ;  llie  nucleus  is  situated  eccentrically.  'i'he  cell  hod}' 
stains  dee])ly  w  it  li  I  'iina's  met  hx  lene  hlue  :  the  sha])e  wit  liin  I  lie  tissues 
is  liahle  to  considerahle  variation — often  rounded  or  oval  ;  the  cells  may 
be  polygonal,  oi-  diaw  n  out  into  a  spindle  ;  they  arc  obscurely  amo'boid. 
.  .  .  As  lhe\'  urow  lai'Licr  and  older,  the  c\'1oplasm  tends  to  become 
vacuolated  ami  the  nucleus  to  be  less  deeply  stained." 

This  description,  which,  I  believe,  truly  represents  the  plasma 
cells  of  I'lina.  is  not  by  any  means  generally  followed  in  present-day 
literature.  There  is  great  diliiculty  in  understanding  what  any  given 
writer  means  when  he  .speaks  of  "'  plasma  cells.""  the  tendency  being 
to  place  in  this  class  any  mononucleated  cell  which  shows  a  markedly 
basophile  reaction  in  its  c\-toplasni.  Dependence  is  placed  wholly 
on  staining  reactions,  and  the  fact  that  the  cell  is  a  living  entity  which 
undergoes  various  changes  during  its  life  is  almost  entirely  ignored. 
If  we  are  to  regard  cells  as  the  producers  or  even  the  carriers  of  food 
materials,  poi.sonous  substances,  antibodies,  etc.,  it  is  reasonable  to 
assume  that  they  will  show  different  character.s  and  different  stain- 
ing reactions  in  dilterent  stages  of  activity.  I  am  inclined  to  agree 
with  ^la.ximow  that  the  plasma  cell  is  a  modified  lymphocyte,  and  one 
which  has  l)ecome  modihed  to  perform  a  special  function. 

(1)  Hyaline  leucocytes.  —  These  large  mononucleated  cells 
have  an  oval  or  kidney-shaped  nucleus  which  stains  less  intensely 
than  that  of  the  Ivmphocytes.  and  cytoplasm  which  is  devoid  of 
granvdes.  In  their  general  characters  they  resemble  the  large  lym- 
phocytes, antl,  even  though  the  I\-mphocvte  is  described  as  having 
granules  in  its  cytoplasm,  it  is  often  extremely  difficult  to  differen- 
tiate between  the  two  classes  of  cells.  Transitions  between  the  small 
lymphocytes,  the  lai^er  l\-niphocvtes.  and  these  hyaline  cells  have 
been  desi'rit)ed  as  occuiring  in  the  circulating  blood.  This  certainly 
is  not  in  agreement  with  my  ob-servations. 

In  normal  blood  the  hvaline  cells  are  comparatively  few  in  numl)er, 
but  in  cases  of  malaria  there  nuiv  be  a  considerable  increase  without 
a  corresponding  increase  in  the  lymphocytes.  The  amo'boid  pro- 
pert\-  of  these  cell-<  can  lie  clearly  demonstrated  on  the  warm  stage, 
and  we  think  it  probable  that  thev  mav  be  derived  from  the  endo- 
thelium lining  of  lilood-  and  Ivmphatic  vessels  (Plate  Hi). 

{'))  Other  forms  of  mononucleated  cells. — From  what  has 
been  said  it  will  be  understood  that  I  am  not  prepared  to  draw 
absolute  lines  of  distinction  between  the  larger  forms  of  lym])hocytes, 
the  plasnui  cells,  the  so-called  hyaline  leucocytes,  and  the  other  forms 


120 


INFLAMMATION 


of  mononucleated  cells,  which  are  found  in  inflammatory  exudates 
(Plate  15,  Fig.  2). 

There  is  no  doubt  that  many  of  these  cells  have  different  origins, 
and  possibly — though  I  do  not  think  it  is  proved — different  and 
specific  functions.  Thus,  many  of  the  mononucleated  cells  are  derived 
from  the  tissues  and  not  from  the  blood.  Adami  has  classed  these 
as  histogenous  leucocytes,  and  he  includes  in  this  group  : 

i.  Cells  derived  from  serous,  vascular,  and  lymphatic 
endothelium  (Plate  16,  Fig.  2). — These  vary  much  in  size  and 
in  other  general  characters — being  small,  with  scanty  protoplasm, 
and  a  nucleus  which  is  very  rich  in  chromatin  ;  or  larger,  with  a 
more  vesicular  nucleus  and  with  abundant  cytoplasm.  The  cyto- 
plasm may  be  richly  basophile,  or  it  may  be  vacuolated,  and  the 
basophile  characters  may  be  partially  obscured.  Transition  forms 
between  these  two  varieties  can  be  demonstrated  in  the  tissues. 

These  cells  are  present  in  inflammatory  exudates  in  the  early 
stages,  but  are  not  numerous  until  about  the  thirty-sixth  to  the  forty- 
eighth  hour.  In  cases  where  recovery  is  likely  to  take  place,  they 
go  on  increasing  until  eventually  the  exudate  may  contain  only  this 
type  of  cell.  They  are  actively  phagocytic  both  to  bacteria  and  to 
foreign  material,  such  as  dead  cells,  pigment,  etc.  (Plate  17).  Usually 
less  phagocytic  to  bacteria  than  the  polymorphonuclear  leucocytes, 
they  are  in  certain  cases — especially  where  inflammatory  reaction  is 
due  to  B.  tuberculosis — the  principal  phagocytes  of  these  bacteria. 

Between  the  mononuclear  cells  of  endothelial  origin  and  the  hyaline 
leucocytes  of  the  blood  we  are  not  able  to  differentiate.  As  I  have 
said  elsewhere,^  "  all  we  can  assert  is,  that  transitional  forms  between 
the  actively  germinating  endothelial  cells  and  free  mononuclears 
which  resemble  lymphocytes  can  be  distinguished  (Plate  15).  There 
seems,  however,  little  doubt  that  a  considerable  proportion  of  the 
mononucleated  cells  of  inflammatory  lymph  are  produced  by  pro- 
liferation of  endothelial  cells,  though  some  may  also  be  derived  from 
cells  which  have  migrated  from  the  blood-vessels." 

ii.  Wandering  and  phagocytic  cells  derived  from  other 
tissues. — Besides  the  endothelial  cells,  other  fixed  connective- 
tissue  cells  assume  phagocytic  functions  and  show  amoeboid  move- 
ments under  the  influence  of  inflammatory  irritants.  This  is  best 
illustrated  in  inflammation  of  the  cornea,  where  the  fixed  corneal 
corpuscles  swell  and  undergo  mitosis,  then  become  separated  from 
their  normal  position  and  relations,  and  take  on  the  characters  of 
mononucleated  amoeboid  phagocytes.  In  the  exudate  these  cells  can- 
not be  distingiiished  from  the  mononuclears  which  have  been  derived 
from  the  vascular  endothelium.    It  seems  quite  reasonable  to  assume 

1 "  General  Pathology,"  p.  199. 


Pleural  exudate  (acute  pleurisy,  right  side)  from  same  case  as  in 
Plate  IS,  showing  phagocytosis  by  mononuclear  cells  which  are  shed 
endothelial  cells,  or  at  any  rate  cells  indistinguishable  from  these. 
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tliat  oilier  fixed  connective-tissue  cells  may  act  in  the  same  way  as 
these  corneal  ciir]>uscles. 

iii.  Clasmatocytes. — 'i'he  origin  of  these  cells,  which  were  lirst 
described  by  Jianviei'.  is  nincitain.  They  are  larue,  irregular  cells, 
which  are  elongated  and  >hnw  numenms  branching  processes  (i'l  tte  IS. 
Vi'^.  1),  beint;  proljabh'  concerned  in  the  amo'lioid  moN'ements  of 
the  cell.  The  nucleus  is  ov.d  and  the  cytoplasm  contains  irregular 
basopliile  granules,  which  lianvier  regarded  as  stored-up  secretion. 
He  niaintnineil  that  they  came  from  the  blood,  and  were  modified 
leucocytes.  According  to  .Marchand.  they  are  primitive  wandering 
cells  ■"  in  the  tissues. 

They  resemble  the  modified  corneal  corpuscles  described  by  Senft- 
leben  and  by  Councilman  in  their  work  on  inflammation  of  the  cornea  ; 
and,  in  what  may  be  regarded  as  their  resting  stage,  they  appear  as 
moiionnclcated  cells,  resembling  those  deri\-ed  from  endothelial  and 
coniii-cl  i\  i--t  issue  structures. 

i\'.  Fibroblasts. — These  spindle-shaped  cells  are  deiived  from 
the  nioiionueleated  cells,  though  there  is  much  dilTerence  of  opinion 
as  to  which  k'inds  of  mononuclears  are  concerned  in  their  foi'mation. 
1'he\'  are  dc\-elo|}ed  onl\'  in  the  later  stages  of  acute  iidlammation 
and  in  the  more  chi'onic  conditions,  and  ai'e  I'ather  cells  concernecl 
in  1  he  process  of  repair. 

\'.  Giant  ceils. —  Cells  with  se\-erai  nuclei  are  common  in  all 
inflammatory  conditions  (PI  iti>  IS.  l''ig.  2),  and  are  most  numerous  in 
the  late  stages.  ]\I:iny  of  these  are  formeil  by  fusion  into  plasmodial 
masses  of  endothelial  or  other  forms  of  mesoblastic  cells,  though  some 
seem  to  result  from  an  aberrant  cell-growth  wh(>re  the  nuclei  undergo 
division  without  the  j)rotoplasm  following  suit.  They  are  amo'boid  and 
activelv  phagocytic,  are  special! v  well  developed  where  resistant  tissues 
(e.g.  bone)  have  to  be  absorbed,  and  they  form  a  s])ecial  feature  of 
certain  chronic  inflammatory  conditions  (e.g.  tuberculosis,  sypliilis,  etc,). 

Phagocytosis  and  the  function  of  the  leucocytes. 
—  The  term  "  |)hagoc\"te,  '  which  was  introduci'd  .Metclmilcoll', 
is  applied  to  cells  that  ingest  foreign  mat(>rials,  bacteria,  and  other 
cells,  and.  by  a  process  of  intracellular  digestion,  bring  about  the 
solution  of  certain  of  these  ingested  particles.  It  has  l)een  shown 
iliat  th(>  process  of  ]diagocytosis  is  almost  a  uni\'ersal  endowment 
of  cell-life,  and  by  many  authorities  it  is  considered  to  be  th(>  most 
im|iortant  clefensive  agent  against  disease  or  disease-producing  ]n-o- 
ducts.  and  likewise  an  essential  factor  for  the  carrying  on  of  cell- 
life.  In  physiological  conditions  plia,20cytosis  is  a  constant  feature, 
for  the  moulding  of  the  tissues  (e.g.  the  bones)  is  largely  brought 
about  l)y  the  action  of  these  phagocytic  cells,  and  waste  products  of 
various  kinds  are  removed  bv  them.    There  seems  akso  little  doubt 
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tliat  substances  wHch  act  as  protectors  against  disease  products  are 
secreted  by  tliese  cells.  The  processes  of  ingestion  and  digestion 
can  be  observed  in  any  newly  produced  exudate.  The  cells  project 
processes  of  their  protoplasm  by  which  they  surround  and  gradually 
incorporate  their  prey.  When  the  ingestion  is  completed,  the  foreign 
material  is  seen  to  be  surrounded  by  a  clear  space,  probably  caused 
by  the  secretion  of  a  fluid  from  the  cell.  This  fluid  can  in  many  cases 
be  proved  to  have  a  distinctly  acid  reaction,  and  therefore  seems  to 
be  comparable  to  the  digestive  fluids  of  the  body.  Unless  the  material 
ingested  is  too  resistant,  a  gradual  digestion  of  it  takes  place.  With 
its  complete  absorption  the  cell  may  resume  its  normal  characters. 
Undigested  particles  may  be  extruded  by  the  cells,  or  carried  to  dis- 
tant parts,  such  as  glands,  spleen,  etc.,  and  there  deposited. 

Very  commonly  these  phagocytic  cells  exhibit  a  marked  vacuo- 
lation  of  their  protoplasm,  and  this  is  generally  regarded  as  a  degenera- 
tive change.  In  many  cases,  however,  it  seems  rather  to  result  from 
the  discharge  of  the  more  fluid  part  of  the  cell — the  cytoplasmic  reticu- 
lum in  this  way  becoming  more  obvious — and  the  vacuolation  may, 
therefore,  be  regarded  as  evidence  that  the  cells  have  performed  their 
secretory  function.  It  is  generally  taught  that  the  polymorpho- 
nuclear leucocytes  and  the  large  mononucleated  hyaline  cells  are  the 
main  phagocytes.  There  is,  liowever,  no  doubt  that  all  tlie  hfemal 
leucocytes,  the  endothelial  cells  lining  blood  and  lymphatic  spaces 
and  channels,  the  secreting  cells  of  the  liver,  the  cells  lining  the  secret- 
ing and  collecting  tubules  of  the  kidney,  the  cells  lining  the  pulmonary 
alveoli  and  bronchi,  the  cells  of  mucous  membranes,  and  many  of 
the  fixed  connective-tissue  cells,  possess  this  phagocytic  property  in 
a  greater  or  less  degree. 

During  the  inflammatory  processes  the  phagocytic  properties  of 
the  cells  become  more  pronounced  (Plates  12,  13),  and  in  the  early 
stages  the  microphages  of  Metchnikoff  are  the  most  active.  These 
polymorphonuclear  leucocytes  can  ingest  foreign  inert  particles,  red 
blood-corpuscles,  both  polymorphonuclear  and  mononucleated  cells, 
though  their  main  function  seems  to  be  the  ingestion  and  destruction 
of  the  bacteria  which  are  the  cause  of  the  inflammation.  This  type 
of  cell  seems  to  have  a  positive  attraction  towards  most  pathogenetic 
bacteria,  and  in  a  very  short  time  after  the  bacteria  are  introduced 
into  the  body  these  cells  are  seen  at  tlie  periphery  of  the  blood- 
vessels, passing  through  its  walls,  and  migrating  towards  the  invad- 
ing organisms.  A  careful  examination  shows  that  the  passage  out 
of  the  cells  is  aided  by  a  slowing  of  the  blood-stream  and  a  softening 
of  the  cement  substance  between  the  endothelial  cells,  but  that  the 
essential  factor  is  the  migratory  power  which  these  cells  have  in 
virtue  of  their  active  amoeboid  movements. 
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As  has  Ix'cii  slated,  tills  eiiiigratioii  is  towards  soiiu'  attracti\'t' 
foi'ce  wliicli  is  possessed  most  bacteria.  Experimentally,  it  has 
Ix'cn  shdwn  Ky  Leber  and  uihers  tliat  certain  products  of  l)act('rial 
activity  and  tissue  metal)oHsm,  as  well  as  certain  chemical  and  phy- 
sical agents,  attract  waiidering'  cells,  whilst  others  lia\'e  no  such  attrac- 
tive power.  Glass  tubes  closed  at  the  outer  end  and  containinu 
chemicals  were  carefully  introduced  into  the  l)lood-\('ssels,  and  the 
movement  of  the  cells  into  th(>se  tubes  ol)ser\-ed.  It  has  been  shown 
that  vai'ious  (■(impounds  of  mercurv,  as  w(_'ll  as  tur])entine.  tincK" 
jiowdered  coiipcr,  and  other  substances,  e.xert  a  jjo.silive  attraction, 
whilst  (|uinine,  chloroform,  glycerine,  alcohol,  etc.,  act  negatively  ;  that 
weak  solutions  sometimes  act  positively,  while  strong  ones  have  a 
negative  action.  The  to.xins  of  most  of  the  pathogenetic  bacteria,  if 
not  too  concentrated,  attiact  leucocytes  in  great  nundiers  :  whilst, 
if  they  are  coitcentrated.  leucocyte  emigration  is  greatly  hindered. 
This  positive  and  negati\'e  chemiota.xis.  a.s  it  has  lieen  called,  can 
l)e  well  illustrated  by  a  very  simple  experiment. 

The  exposed  mesentery  of  a  frog  is  wasiied  with  iiiniiial  saline 
solution  :  the  leucocvtes  show  increased  amo'boid  ac'tivitv,  collect 
at  the  periphery  of  the  vessels,  and  migrate  through  the  walls  to  tlie 
surface  of  the  mesentery.  II.  how  ever,  the  exposed  mesentery  be 
at  once  washed  with  a  weak  solution  of  quinine  instead  of  normal 
saline,  tlu^  leuc-ocytes.  as  Binz  has  pointed  out,  remain  globulai-.  and 
do  not  fiecome  adherent  to  the  walls.  To  prove  tluit  it  is  not  merely 
a  paralysis  of  the  leucocytes  which  occurs,  as  Binz  at  first  thought, 
it  is  oidv  lUH'essary  to  remove  the  leucocytes  from  the  vessels  to  see 
tlieii'  amo'boid  moxcment  again  becoming  (piite  evident.  Thus  the 
(|uinine  has  coin  ei  t cd  a  previous  positire  into  a.  iiegatin'  cliemiotaxis. 

Associated  with  the  miciopliages  in  their  phagocytic  work  are  the 
macrophages.  These  large  numonucleated  cells  appear  moderately 
early  in  any  inllammatory  exudate  ;  but  it  is  not  till  about  forty- 
eii;ht  hours  or  more  after  the  injurx'  that  tliev  l)ecome  \-ei'V  active, 
'i'hey  appear  to  be  the  scavengers  "  of  the  tissues,  and  are  concerned 
largely  with  the  remo\al  of  dead,  degenerating,  or  degenerated  ])ro- 
tlucts.  The  ingested  material  is  often  seen  in  the  cytopla.sm  of  the 
cells  to  l)e  surrounded  by  a  clear  space  (Plates  12.  14,  lU).  which 
contains  llnid  ha\  ing  an  acid  I'eaction.  In  these  "  vacuoles."'  which 
ina\'  lie  nnmei'ous,  the  includeil  liacteria,  the  pol\"mor])honuclear  or 
other  cells,  the  fragments  of  degenerating  and  dead  tissue,  etc.. 
imdergo  gradual  solution  and  ab.sorption  (Plates  12.  11.  l-l.  17.  I'.t). 
The  nuchu  of  the  ingested  cells  liecome  fragmented,  and  later  the 
chromatin  partirles  undergo  complete  solution  or  digestion  (Plate  P.)). 
This  is  lollowed  by  a  gradual  disappearance  of  the  cytoplasm.  The 
red  i)lood-corpuscles  shriidc.  and  their  luvmoglobin   may  either  l)e 
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absorbed,  or  may  remain  as  pigment  within  tlie  pliagocyte.  The 
bacteria  lose  their  staining  reactions  and  are  gradually  dissolved. 

In  some  cases,  and  especially  with  certain  bacteria — -e.g.  B.  tuber- 
culosis and  M.  gonorrhoece — the  organisms  may  remain  in  the  cells 
for  a  long  time  with  little  or  no  destructive  changes  taking  place  in 
them,  and  in  some  cases  it  would  appear  as  if  they  were  capable  of 
actively  proliferating. 

The  relationship  between  pliagocytosis  and  virulence  of  the 
organisms  is  somewhat  indefinite  ;  but  it  may  be  stated,  as  a  general 
rule,  that  the  more  virulent  the  organism,  the  less  is  the  amount  of 
phagocytosis,  and  the  later  is  it  in  making  its  appearance. 

Extracellular  action  of  the  cells  of  inflammatory 
exudates. — Tliat  living  bacteria  can  be  ingested  by  these  pliago- 
cytes  there  is,  I  think,  no  room  for  doubt ;  but  it  seems  to  be 
equally  clear  that  various  substances  contained  in  the  blood  and 
in  the  lymph  have  an  injurious  action  on  living  organisms,  inhibiting 
their  action  in  some  way,  and  thus  rendering  them  a  more  easy 
prey  to  the  leucocytes. 

MetchnikofE  and  his  followers  consider  that  the  emigration  of 
leucocytes  and  their  intracellular  action  are  the  essential  changes  in 
inflammation,  and  that  the  vascular  and  other  phenomena  are  mere 
auxiliaries.  They  maintain  that  the  pathogenetic  bacteria  are 
destroyed  in  the  phagocytes  by  a  process  of  intracellular  digestion. 
Nuttall  was  the  first  to  show  that  the  blood-serum  had  a  markedly 
bactericidal  effect,  and  this  observation  has  been  abundantly  con- 
firmed by  other  workers.  It  is  not  necessary  to  deal  here  in  detail 
with  the  great  and  important  facts  which  have  been  elicited  by  further 
studies  on  this  subject.  Suffice  it  to  say  that  the  evidence  is  quite  clear 
that  the  body  fluids  may  contain  various  substances  which  have  an 
injurious  effect  on  certain  bacteria  and  a  neutralizing  effect  on  their 
products.  These  opsonins,  agglutinins,  antitoxins,  and  other  antibodies 
are  of  the  greatest  importance  both  in  the  diagnosis  and  treatment  of 
disease.  The  various  substances  are  derived  from  the  cells — some,  no 
doubt,  from  the  polymorphonuclear  leucocytes  ;  but  the  other  hsemal 
leucocytes,  as  well  as  the  fixed  cells  of  the  body,  are  probably  con- 
cerned in  their  production. 

INFLAMMATION  IN  NON-VASCULAR  AREAS 

The  phenomena  of  inflammation  in  non-vascular  areas  are  best 
studied  in  the  cornea,  and  in  this  description  I  follow  the  work  of 
Senftleben  and  of  Councilman.  The  cornea  is  a  transparent,  non- 
vascular membrane,  the  fibrous  tissue  of  which  it  is  mainly  composed 
being  arranged  in  parallel  layers,  between  which  are  numerous  lymph 
spaces  and  channels.   The  branched  connective-tissue  cells — the  corneal 


Peritoneal  exudate,  48  hours  after  intraperitoneal  injection  of  /;  coli 
commums.  showing  stages  in  the  degeneration  of  the  ingested  poly 
morphonuclear  cells.      ,■  1,000. 
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cor[)USclcs — are  found  llatteiu'il  lictwccii  these  layers.  Tlie 
cluiunels  communicate  freely  witli  one  another  and  with  the  pcii- 
j)heral  lymphatics  of  the  cornea. 

If  the  injury  is  very  .sliuht,  none  of  the  ordinary  ])henomena  of 
infhimmatiou  may  he  induced,  and  repair  may  he  effected  merely  i)v 
a  prnlil'eration  of  the  corneal  corpuscles.  If  the  jjrocess  i.s  caicfulh' 
watched,  the  corneal  corpuscles  at  the  centre  of  the  injured  area  are 
.seen  to  undci'uo  dejienerativc  and  destructive  chan<ies,  while  those 
near  the  periphery  become  swollen  anil  may  show  proliferative  chan<>es. 
'J"he  proliferation,  however,  is  mainly  seen  in  the  peripheral  healthy 
corpuscles.  These  .send  offshoots  into  the  necro.sed  zone,  and  <;radu- 
ally  brinii'  about  complete  repair  of  the  damaged  area.  Witii  nu)re 
extensive  damage  all  the  ordinary  inflammatory  jdienomena-  may 
lie  developed,  some  with  greater  intensity  than  otheis.  An  area  of 
opacity  is  formed  with  the  damaged  focus  for  its  centre,  this  opacity 
being  largel\'  due  lo  the  accumulation  of  polymor|)honuclear  leuco- 
cytes ami  to  the  swelling  of  the  corneal  tissue  brought  about  by  the 
ind)il)ition  of  fluid  which  has  transuded  from  the  ves.sels.  The  ves.sels 
:it  the  jieripliery  of  the  cornea  liecome  dilated  and  engorged  with 
blood,  and  from  these  ve.s.sels,  as  well  as  from  the  dilated  conjunctival 
vessels,  leucocytes  pass  out  in  considerable  numbers  and  migrate, 
ou  the  surface  of  the  conjunctiva  and  between  the  fibrous  lamina',  to 
the  damaged  area.  The  corneal  corpuscles  show  well-marked  proli- 
ferative changes,  and  in  the  cellular  exudate  whicii  is  produced  these 
corpuscles  may  appear  as  mononucleated  phagocytes,  which  are  indis- 
tinguishable fr(un  other  mononucleated  cells  derived  from  the  blood- 
stream or  from  the  fixed  tissue  cells — e.g.  endothelium — of  the  part. 
If  the  inflammation  lasts  for  four  or  ffve  days,  numerous  small  round 
cells,  reseml)ling  lymphocytes,  are  seen  in  the  exudate.  According  to 
Ada  mi,  these  are  cells  which  have  migrated  from  the  sheaths  of 
lymphoid  tissue  that  surround  the  vessels.  If  the  inflammation  con- 
tinues for  long  jH'riods,  new  vessels  are  formed  liy  l)U(hling  from  the 
pre-existing  peripheral  vessels,  and  these  pass  into  the  non-vascular 
cornea,  right  uj)  to  the  edge  of  the  inflamed  area,  which  usually  at 
this  stage  has  l)ecome  an  ulcer.  Healing  takes  place,  and  a  white 
opa(|ue  fibrous  cicatrix  may  always  mark  the  site  of  the  inflamma- 
tion. \'e)'y  commonly,  too.  the  newly  ft)rmed  vessels  in  the  cornea 
do  not  completelv  ilisappear  iluring  the  healing  processes,  and  nuiy 
be  iibserved  in  nuin  for  years  afterwards. 

IM'l.AAlM  \TH)N    IN    i.^MI'IKUIt  TlSSrK 
The  swelling  and  acute  tenderness  of  glands  as  a  result  of  septic 
ab-orption  from  a  wound  is  one  of  the  most  familiar  conditions  with 
which  the  surgeon  has  to  deal.    Lymphatic   tissue  appears  to  be 
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specially  susceptible  to  the  reactions  wlncli  are  called  inflammation,  this 
being  due,  no  doubt,  to  the  arrest  by  the  glands  of  the  bacteria  or 
their  products  which  are  being  drained  from  the  wound  by  the  lym- 
phatics. Lymphatic  tissue  is  very  widely  distributed  througliout 
the  body,  and  as  a  result  of  inflammation  many  definite  lymphoid 
nodules  become  evident  which  were  previously  microscopic  in  size. 
These  lymphatic  areas,  whether  they  are  in  the  form  of  glands  or  not, 
not  only  act  as  local  defenders  of  the  body,  but  they  also  supply 
cells  which  migrate  to  distant  parts  for  the  purpose  of  attacking  the 
invading  organisms  in  the  foci  at  which  they  have  settled  down. 

During  the  inflammatory  and  proliferative  processes  the  glands 
become  swollen,  reddish  in  colour,  and  softer  in  consistence.  More 
minute  examination  reveals  the  dilatation  of  vessels  (hypersemia), 
the  transudation  of  serum,  and  the  emigration  of  leucocytes.  The 
extent  of  the  leucocyte  invasion  is  not  easy  to  determine,  unless  migra- 
tion of  the  polymorphonuclear  leucocytes  is  well  marked.  Prolifera- 
tion of  the  cells,  not  only  of  the  lymphoid  tissue  proper,  but  also  of  its 
supporting  connective  tissue,  takes  place,  and,  as  has  been  already 
said,  many  of  these  cells  may  pass  from  the  glands  and  migrate  to 
any  seat  of  injury. 

INFLAMMATION  IN  BONE 

The  changes  which  occur  in  inflammation  in  bone  are  identical 
with  those  which  occur  in  any  of  the  other  tissues  of  the  body  ;  but 
the  resistant  character  of  the  tissue  prevents  any  marked  exudation 
from  occurring,  so  that  swelling  is  not  a  pronounced  feature.  Pain 
is  usually  severe,  this  no  doubt  being  due  in  part  to  the  pressure,  by 
the  inflammatory  exudate,  of  the  nerve-endings  against  the  resistant 
tissues.  Pain  may  result  from  tlie  action  of  the  toxins  on  the  nerve- 
endings  ;  and  in  inflammation  of  bone,  the  transudation  of  fluid  being 
limited,  the  toxin  acts  with  greater  intensity  because  the  flushing  and 
diluting  action  of  the  exudate  is  at  a  minimum. 

TYPES  OF  INFLAMMATION  AND  CHAKACTERS  OF 
INFLAMMATORY  EXUDATES 

Various  forms  of  "  inflammation  "  have  been  described,  and  it  is 
necessary  therefore  to  discuss  them.  The  exudates  vary  in  quality 
and  quantity  according  to  the  tissues  into  which  they  are  poured, 
and  the  nature  and  intensity  of  the  inflammatory  agent.  Thus,  the 
exudates  into  serous  cavities  or  into  loose  subcutaneous  tissues  may 
be  very  considerable  in  amount ;  while  those  into  dense  tissues  may 
cause  hardly  appreciable  swelling  of  the  part.  Further,  the  exudates 
may  be  serous,  fibrinous,  hsemorrhagic,  or  purulent,  these  characters 
being  dependent  on  the  nature  of  the  irritant  and  its  intensity  of 
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action.  In  all  rases  the  c.xudcil  lluiil  is  riclin-  in  |>r()fi>in  llian  the 
ordinary  l\'in|ili.  ami  ina\'  rontaiii  di-ji-st  i\  i'  i'lM  incnts,  Ijacl ericidal 
substances,  etc 

1.  Acute  serous  inflammation. — Tiiis  condition  is  one  in 
\vhi(;li  the  Iransudalinn  nl  lymph  li(jni  tlie  vessels  is  the  marked 
feature,  the  eini;^rat ion  nl  leucocytes  being  only  sliglit  in  deurei'.  Thus 
fibrin  formation  does  not  take  place  or  is  present  only  to  a  slight 
extent.  All  the  essential  ])licnomena  which  have  been  de.scribed 
ai)i)\-e  are  present,  though  not  in  the  same  degree  or  intensity. 

The  serous  exudate  occurs  especially  in  the  milder  forms  of  in- 
llanimalion.  but  in  some  virulent  infections  the  exuded  lluid  may 
be  serous  in  character.  The  fluid  contains  few  cells,  practically  no 
fil)rin,  but  is  richer  in  albuminous  substances  than  the  lymph.  These 
exudates,  as  I  have  already  stated,  bring  about  a  dilution  of  the 
toxins,  and  at  the  same  time  separate  the  elements  of  the  tissue  from 
one  another.  '\'\\vv  may  be  carriers  of  ])rotective  substances  to 
adjacent  or  even  to  distant  parts  by  way  of  the  lymphatics.  Though 
these  exudates  are  in  the  main  favourable,  yet  in  certain  ca.ses  the 
swelling  caused  by  them  may  give  rise  to  grave  symptoms — -e.g. 
swellings  about  the  ^lottis,  causing  sufl'ocation. 

2.  Inflammation  aff'ecting  serous  surfaces ;  acute 
fibrinous  or  sero-fibrinous  inflammation. — In  this  form 
ol  inllanimat  Kin  one  ol  the  earliest  changes  is  a  swelling  and 
a  loosening  of  the  covering  endothelial  cells.  Tliese  become  dis- 
charged and  are  found  along  with  the  various  forms  of  leucocytes  in 
the  exudate.  The  \ascularization  of  the  jiart  is  especially  exhibited 
in  the  suliserous  connective-tissue  layer,  and  it  is  from  the  dilated 
\-essels  of  this  region  that  the  emigrated  leucocytes,  which  ai'e  very 
aliundant.  maiidy  come.  The  pronounced  formation  of  fibrin  which 
occurs  in  this  condition  is  in  part  due  to  tlie  denuding  of  the  surface 
endothelium,  though  the  breaking  down  of  the  lai'ge  number  of  leu- 
cocytes which  ha\e  jiassed  out  of  the  vessels  is  the  main  factor.  The 
transudation  of  serum  may  be  very  slight,  or  it  may  Ije  more  abun- 
dant. It  would  ajipear  that  in  these  cases  the  irritant  either  has  a 
special  action  on  the  endothelium  of  the  vessels,  causing  its  destruc- 
tion, so  that  tlie  leucocytes  can  pass  out  more  easily,  or  has  a  special 
|)ositi\e  cheniiotact ic  mffuence  on  tlie  leucocytes.  The  exudate  is 
rich  in  leucocvtes,  llbrin  is  present,  sometimes  in  considerable  abund- 
ance (Plate  II.  l-'ig.  1),  but  the  serum  is  small  in  (]uantity,  and  in 
conse(|uence  the  surfaces  on  which  the  deposit  occurs  become  covered 
with  a  granular  or  velvety  la^er  of  greater  or  lesser  thickness,  which 
in  its  eaiiv  stage  can  be  readily  stripped  off.  In  this  layer  many  of 
the  cells  aie  necrotic  leucocytes,  lint  einlothelial  and  other  cells  may 
also  lie  present. 
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In  serous  cavities,  fibrinous  exudates  often  appear  to  restrict  the 
spread  of  the  disease,  and  the  fibrinous  adhesions  which  are  formed 
may  confine  the  infection  to  its  seat  of  origin.  Thus,  in  the  peritoneum 
the  adhesions  between  tlie  coils  of  the  intestine  frequently  have  a  very 
definite  localizing  action  on  the  spread  of  the  inflammatory  process. 
These  sero-fibrinous  or  fibrinous  exudates  may  occur  in  almost  any  situ- 
ation, but  are  specially  seen  in  serous  cavities  and  on  mucous  surfaces. 

3.  Suppurative  inflammation. — Though  suppurative  in- 
flammation will  be  described  by  another  writer  (p.  166),  it  is  con- 
venient to  deal  with  some  of  the  main  points  here,  so  as  to  establish 
the  definite  association  between  this  form  and  those  already  described. 

As  in  the  fibrinous  form,  the  leucocyte  emigration  is  the  essential 
feature  ;  but  owing,  in  many  cases,  to  the  continued  action  of  the 
bacteria,  or  to  the  want  of  protective  reaction  on  the  part  of  the  tissues, 
the  bacteria  for  a  considerable  time  hold  sway  and  the  cells  undergo 
degeneration  and  death.  Thus  there  is  produced  at  the  focus  a  thick, 
more  or  less  creamy  and  opaque  fluid  (pus),  which  is  composed  in 
the  main  of  polymorphonuclear  leucocytes,  some  of  which  show 
.quite  regular  nuclear  staining  reactions,  and  have  in  their  cytoplasm 
foreign  material,  especially  bacteria,  in  all  stages  of  degeneration. 
Others  show  badly-staining  broken-up  nuclei.  Mononucleated  cells 
derived  from  the  blood  and  from  the  fixed  tissue  elements  may  also 
be  present  in  greater  or  lesser  numbers.  In  addition,  there  is  always 
partially  digested  necrotic  tissue.  Fibrin  is  usually  absent,  and  the 
causal  bacteria  may  or  may  not  be  present,  they,  in  the  later  stages, 
having  become  completely  disintegrated.  Thus  "  sterile  "  pus  is  not 
uncommonly  found.  The  absence  of  fibrin  is  generally  attributed  to 
the  disintegration  of  the  proteins,  of  the  necrotic  tissue,  and  of  the 
cells  by.  ferments  developed  by  the  pathogenetic  bacteria  or  derived 
from  the  cells.  These  proteolytic  ferments  cause  a  liquefaction  of  the 
various  elements,  and  this  liquefied  and  partially  degenerated  material 
constitutes  pus.  The  pus,  in  addition  to  the  ferments,  peptones,  and 
bactericidal  substances,  may  contain  cholesterin  crystals  and  fatty 
acids,  as  well  as  pigment  derived  from  red  blood-corpuscles  or  pro- 
duced by  chromogenetic  bacteria.  There  seems  little  doubt  that  in 
the  vast  proportion  of  suppurative  inflammatory  reactions  in  the 
human  subject  bacteria  are  or  were  present ;  but  it  must  be  admitted 
that  pus  may  be  produced  experimentally  by  the  injection  of  certain 
chemical  irritants,  such  as  turpentine,  the  salts  of  mercury  and  copper, 
as  well  as  by  the  products  of  the  growth  of  certain  bacteria.  The 
suppurative  conditions  which  sometimes  follow  the  intramuscular 
injection  of  mercury  in  cases  of  syphilis,  or  the  subcutaneous  injec- 
tion of  antitoxin,  may  be  aseptic  ;  but  the  ease  with  which  organisms 
can  gain  admission  from  the  superficial  parts  of  the  skin  renders  it 
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difficult  ill  111,1 cases  to  estimate  the  relative  parts  played  l)v  the 
bacteria  and  lln'  clu'inicai  ii'ritant. 

After  ihr  iiit ri)ductiiiii  of  hactcria  Id  tlie  tissues,  there  is  a  period 
during  wliicii  no  reaction  is  observed,  but  in  wliicii  the  bacteria 
are  multiplying  and  producing  their  toxins.  When  this  process  has 
reaclietl  a  certain  stage  the  definite  reactions  of  inllaimnation  are 
cxhil)ited.  The  capillaries  of  the  part^  liecome  dilated  and  engorged 
with  blood.  There  is  transudation  nf  lyiiipli.  and  emigration  of  leu- 
cocytes, this  latter  phenomenon  being  so  extensive  that  at  the  inflam- 
matory  focus  the  immigrated  cells  completely  obscure  the  tissue  cells. 
They  show  marked  phagocytosis  f 0  the  bacteria,  and  at  the  same  time, 
probably  owing  to  the  action  of  the  toxins  produced  by  the  bacteria, 
many  of  them  underuo  degenerative  changes  ami  ultimately  become 
dissolved  (I'latc  I'.i.  Fig.  2).  As  long  as  the  reactive  processes  in  the 
tissues  of  the  body  are  not  able  to  overcome  the  bacteria,  the  eraigra- 
linn  and  subsequent  destruction  of  the  leucocytes  will  continue.  Thus 
the  suppurative  inflammation  may  go  on  spreading  indefinitely.  When, 
liowe\-er.  the  bacteria  have  been  conquered  by  the  tissue  cells,  a  local- 
ization of  the  destructive  area  is  .seen  and  an  abscess  produced,  the 
outer  wall  of  this  being  a  mass  of  leucocytes  in  which  the  degenerative 
changes  are  not  marked,  while  the  central  part  consists  of  degenerated 
and  partially  dissolvetl  leucocytes  and  tissue  fragments.  Living 
bacteiia  may  still  be  present,  but  their  activity  and  their  number  are 
much  diminished. 

Li  suppurative  inflammation  of  serous  surfaces,  the  fibrinous  deposit 
which  forms  in  the  early  stage  of  the  inflammatory  process  may  localize 
the  bacteria,  and  thus  the  pus  formation  may  be  confined  to  a  small 
area.  Such  localized  suppurative  conditions  are  found  in  the  region 
of  the  appendix.  At  later  stages  the  librin  may  become  dissolved 
and  a  general  spreading  inflammation  be  produced,  but  in  a  consider- 
able proportion  of  cases  the  fibrinous  adhesions  may  remain  intact 
until  the  active  period  of  the  bacteria  has  come  to  an  end  and  the 
acute  inflammator\'  pi'ocess  has  subsided. 

4.  Haemorrhagic  inflammation. — Blood,  in  varying  quan- 
lilies.  may  be  fouml  ui  all  classes  of  inflammatory  exudates,  though 
in  soinr  it  may  lie  .so  abundant  and  occur  so  early  that  the  exudate 
may  lie  regarded  as  a  definitely  ha'morrhagic  as  distinguished  from 
a  serous,  fibrinous,  or  jnirulent  one.  Such  exudates  usually  indicate 
extensive  changes,  particularly  of  a  fatty  nature,  in  the  endothelium 
of  the  capillary  walls,  due  to  the  intensity  of  the  primary  lesion  or  to 
previous  degenerative  changes  in  the  vascular  .system,  or  in  the  blood 
and  the  blood-forming  organs.  They  occur  specially  in  positions  in 
which  the  capillaries  are  not  well  supported — cj.  in  the  lungs  and  on 
serous  surfaces. 
J 
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5.  Inflammation    affecting    mucous    surfaces. — The 

types  of  inflammation  afEecting  mucous  surfaces,  or  affecting  sur- 
faces lined  with  secreting  epithelial  cells,  are  most  conveniently  dealt 
with  under  the  subheadings  of  Membranous  and  Catarrhal  Inflam- 
mations (see  below).  There  are,  however,  common  characteristics  of 
the-e  two  types,  as  they  affect  mucous  surfaces,  to  which  reference 
must  be  made. 

The  hypersemia,  the  transudation  of  serum,  the  emigration  of  leuco- 
cytes, all  occur  in  the  submucous  tissues,  but  they  are  more  or  less 
confined  to  those  tissues  by  the  definite  basement  membrane.  The 
mucous  cells  are  stimulated  to  produce  increased  amounts  of  mucin, 
and  thus  the  discharge  is  mucinous  rather  than  fibrinous.  Many  of 
the  mucous  cells,  partly  as  a  result  of  the  toxins,  and  partly  as  a 
result  of  over-stimulation,  undergo  degenerative  changes.  If  the 
inflammation  is  only  moderate  in  intensity,  the  mucin  will  be 
abundant,  the  cast-off  (catarrhal)  cells  and  the  leucocytes  relatively 
scanty  (catarrJial  inflammation)  ;  but  if,  on  the  other  hand,  tlie  reaction 
is  intense,  there  is  necrosis  and  death  of  the  miicous  cells  and  the  pro- 
duction of  a  distinct  membrane  composed  of  these  cells,  of  leucocytes, 
and  of  fibrin  (membranous  inflammation). 

(a)  Membranous  inflammation. — This  term  is  applied  to  cases 
in  which,  as  a  result  of  the  inflammatory  changes,  there  is  formed 
a  definite  membranous  structure.  This  membrane,  or,  more  correctly, 
false  membrane,  is  composed  of  the  inflammatory  exudate  and  necrotic 
tissue,  and  occurs  especially  on  mucous  surfaces — e.g.  the  throat,  the 
intestines,  the  bladder — but  it  may  also  be  found  on  superficial 
wounds.  The  causal  irritant  is  either  in  or  on  the  superficial  layers 
of  the  affected  tissue.  The  vessels  show  marked  engorgement,  the 
transudation  of  lymph  and  leucocytes  is  considerable,  and  the  exu- 
date forms  a  coagulum  with  the  superficial  cell-layers  which  have 
become  necrotic.  The  membrane  is  at  first  more  or  less  adherent  to 
the  deeper  tissues,  but  by  constant  accumulations  of  leucocytes  in  the 
deeper  parts  it  becomes  gradually  separated. 

Adami  states  that  "  where  there  exists  a  well-formed  basement 
membrane  the  diffusion  inwards  of  toxins  is  arrested  to  a  con.siderable 
degree,  only  the  surface  epithelial  layer  undergoing  necrosis  and  being 
cast  off." 

The  term  difhtheritic  is  often  applied  to  this  form  of  inflamma- 
tion, but,  as  many  of  the  cases  are  not  in  any  way  related  to  the 
organism  of  diphtheria,  the  term  membranous  is,  in  my  judgment, 
much  to  be  preferred. 

(h)  Catarrhal  inflammation. — The  essential  changes  in  this 
form  of  inflammation  are  proliferation,  desquamation,  and  degenera- 
tion of  the  epithelial  secreting  cells,  the  proliferative  changes  being  in 
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excess  of  tlie  degenerative  ones.  The  clianjie  is  found  in  its  most 
intense  degree  in  mueous  nicnilfrancs.  'I'he  vessels  in  the  deeper 
])iirts  always  show  engorgenicnl ,  and  there  ::re,  in  achlition.  transuda- 
tion of  lyniph  and  emigration  of  leucocytes,  both  of  these  plienomena 
being  often  present  to  a  considerable  degree.  The  secretion  of  the 
cells  is  always  increased  in  amount,  and  is  watei'V  or  mucous  in 
character.  E.xamination  of  the  exudate  shows  that  it  contains 
numerous  leucocytes,  and  also  epithelial  cells  which  may  sliow  pro- 
liferative changes  as  well  as  degenerative  ones.  All  forms  of  cells 
may  exhibit  phagocytosis  to  other  cells  or  to  foreign  ])articles — e.g. 
iilnod  piunirnt.  etc. 

().  Interstitial  inflammation. — In  this  condition,  as  the 
term  is  l;i'iut;  ll\'  cinplnviNl.  there  is  ,in  overgrowth,  more  or  less  chronic, 
of  coi\nective  tissue  along  the  lines  of  the  supporting  fibrous  tissues 
of  the  part.  This  overgrowth  is  usually  a  result  of  infective  or  other 
irritants  acting  slowly,  Init  it  may  be  l)i'ought  alxnit  by  s])ecial  strain, 
<u'  it  may  be  a  sequel  of  chronic  degenerative  and  absorptive 
processes.  In  this  process  the  fibrous  tissue  is  at  first  cellular, 
and  collections  of  small  1  vnipliocyte-like  cells  may  be  seen  at  various 
points;  but  the  usual  phenomena  of  inflammation — dilatation  of 
vessels,  lymph  transudation,  leucocyte  emigration,  etc. — are  absent. 

The  condition  is  rather  that  of  a  hyperplasia  than  of  a  true  inflam- 
matory reaction,  and  is  well  illustrated  in  the  overgrowth  of  fibrous 
tissue  which  takes  jilace  in  the  lunus.  iu  the  liver,  or  in  the  k'idn(\vs 
as  a  result  of  the  irritation  caused  by  foreign  particles  or  by  bacterial 
or  metabolic  ]>oisons.  Thus,  anthracosis  in  the  lungs  and  cirrhosis 
in  the  li\-er  aie  t\|)ieal  examples  of  "■interstitial  inflammation." 

7.  Parenchymatous  inflammation. — The  changes  are  of 
a  degenerat i\"e  and  not  of  an  inllammatorv  character,  though  they 
are  very  commoidy  associated  with  inflammation,  and  may  be  brought 
about  by  the  direct  action  of  the  toxins  on  the  tissues.  They  may, 
however,  also  result  from  impaired  vascular  supply,  or  from  altered 
metabolic  processes.  Though  mainlv  a  change  in  the  functioning 
cells  of  a  jiart,  the  condition  is  practicallv  always  associated  with 
changes  in  the  supporting  tissues  and  in  the  vessels.  The  cells  become 
swollen  and  the  cytoplasmic  reticulum  becomes  more  evident,  pro- 
ducing the  so-called  granular  appearance.  The  nucleus  luay  show 
evidences  of  deiienerative  changes  in  varying  degrees.  The  vessels 
are  usually  dilated,  and  the  supporting  tissues  may  be  swollen  and 
HKiy  show  inlilrration  with  leticocvtes. 

IIIK  CAUSES  OF  INFLAMMATION 
BacteriaL — In  the  vast  proportion  of  cases  of  acute  inflamma- 
tion, bacteria  are  the  direct  exciting  cau.se.    The  micro-organisms  gain 
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admission  in  various  ways,  and  by  their  irritant  action,  or  the  irritant 
action  of  their  toxins,  induce  leucocyte  emigration  and  the  other 
inflammatory  phenomena  which  have  been  described.  Even  in 
cases  where  the  exciting  irritant  has  been  thermal,  chemical,  or 
mechanical,  and  where  the  destructive  and  reactive  conditions  are 
the  result  of  burns,  corrosive  agents,  or  foreign  bodies,  the  secondary 
results  are  often  those  which  call  specially  for  surgical  intervention, 
and  they  are  most  frequently  caused  by  the  introduction  of  bacteria 
to  the  damaged  area.  The  pathogenetic  bacteria  are  the  causal  factors 
in  the  majority  of  cases  in  the  human  subject,  but  it  must  always  be 
remembered  that  saprophytic  bacteria  may  lodge  in  any  wound  and, 
though  not  causing  any  definite  inflammatory  reaction,  may  hinder 
the  healing  process.  These  bacteria,  then,  are  important  from  the 
point  of  view  of  the  surgeon,  and  it  may  be  said  that  surgical  anti- 
sepsis was  largely  directed  to  the  destruction  of  these  organisms 
both  in  the  wounds  and  in  the  surroundings  of  the  operative  area. 
These  saprophytic  or  putrefactive  bacteria  may  give  rise  to  gas- 
production  in  the  tissues,  and  the  "  foul  pus  "  which  occurs  in 
empyemas  and  similar  suppurative  conditions  is  generally  produced 
by  them. 

Further,  in  inflammatory  conditions  we  have  to  consider  the 
bacteria  which  are  normally  present  in  the  skin  and  on  mucous 
surfaces,  and  which  may  in  special  circumstances  assume  patho- 
genetic functions — e.g.  some  of  the  intense  inflammatory  conditions 
of  the  alimentary  canal  are  undoubtedly  due  to  Bacillus  coli. 

In  regard  to  the  production  of  inflammation  by  bacteria  in  any 
given  case,  two  main  factors  have  to  be  considered — the  resisting  power 
of  the  individual  tissues  and  the  virulence  of  the  organisms.  It  has 
been  fii'mly  established  that  the  tissues  can  destroy,  by  virtue  of  the 
bactericidal  power  of  their  fluids  as  well  as  by  the  phagocytic  power 
of  their  cells,  considerable  numbers  of  bacteria,  and  that  this  destruc- 
tion is  more  marked  if  the  bacteria  have  a  feeble  resisting  power.  Any 
condition,  therefore,  which  lowers  the  resisting  powers  of  the  tissues, 
or  lessens  the  bactericidal  activity  of  the  body  fluids,  must  render  the 
individual  more  susceptible  to  attack  by  bacteria,  and  will  probably 
intensify  any  inflammatory  reaction  which  is  set  up.  Again,  it  is  a  well- 
established  fact,  which  we  need  not  discuss  here,  that  more  intense 
reactions  may  be  produced  by  one  type  of  bacteria  than  by  another ; 
and  that  one  form  of  organism  may  produce  even  in  the  same 
individual  two  or  more  different  conditions — e.g.  streptococci  may 
produce  spreading  inflammatory  conditions  or  localized  abscess- 
formation  or  necrosis. 

Traumatic. — Under  this  term  may  be  included  mechanical, 
thermal,  and  chemical  causes,  as  all  of  these  act  as  direct  irritants  upon 
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the  tissues  aiul  brin<;'  aliout  (  ('ll-disiiitt'iii-ation.  The  ])ro(lucts  of  tliis 
cellular  degeneration  may  in  llicir  turn  act  as  additional  irritants,  and 
so  the  inflaininatorv  reac'tions  iiia\'  be  definitely  set  up  or  accentuated. 
Anionfi;  the  mechanical  causes  must  be  included  all  wounds,  bruises, 
and  fractures,  the  intensity  of  the  resultini;  inllammation  dependinjf  to 
a  considerable  extent  upmi  llir  iiatin-e  of  (lie  injui-\-.  Th\is.  in  clean 
surgical  wounds  all  the  ])hcnonu'na  of  inllammation  are  seen,  but  they 
are  present  imly  in  a  minor  degree,  whereas  very  extensive  and  very 
severe  reactions  may  follow  lacerated  wounds  oi-  bruises  or  fractures. 
This  same  variation  in  reaction  is  well  illustrated  in  i)urns  and  in 
frost-bites,  the  resulting  tissue  changes  lieing  onl\-  slight  or  very 
severe. 

Of  the  ilieniical  irritants,  even  weak  solutions  of  corrosive  sub- 
limate (ir  i-arbolic  acid  may  gi\'e  rise  to  severe  reactions,  and  may 
bi'ing  about  the  death  of  consideralile  areas  of  tissue.  Among  these 
chemical  irritants,  certain  to.xiiis  prnduccd  b\'  phints  and  animals 
must  tie  included.  The  stings  of  insects,  the  venom  of  snakes,  and 
such  substances  as  mustard,  cantharides,  croton  oil,  etc.,  are  capable 
of  ])roducing  all  the  reactions  of  inllammation. 

Nervous. — 'i'hougli  we  regard  with  .scepticism  the  frequently 
expressed  opinion  that  nerve  action,  jicr  sc,  can  set  up  inffammator}' 
reactions,  yet  it  must  be  admitted  that  many  conditions  which  can  at 
present  l)e  attributed  to  nervous  causes  alone  cannot  be  distinguished 
from  inllammation.  Thus  the  pathological  anatomv  of  the  condition 
of  herpes  zoster  allies  it  with  inllammation.  and  yet  all  the  evidence 
seems  to  point  to  the  cause  being  a  disturbance  of  the  posterior  root- 
ganglia.  .Viiain.  N'arious  t\-pes  of  enjtlieiud  are  regarded  as  nei-\'ous. 
and  they  certainly  show  manv  of  the  inflammatory  jihenomena,  though 
.some  of  these — e.g.  leucocvte  emigration — may  be  only  slightly  in 
evidence. 

Most  surgeons  are  familiar  not  merelv  witli  "'referred  pain.""  but 
with  what  mav  be  called  referred  intlammation  " — i.e.  areas  of  red- 
ness or  actual  inllammation  o{-cui'ring  at  some  distance  from  a  ])rimary 
focus,  but  both  being  in  the  distribution  area  of  a  particular  nerve.  It 
is  possible  in  these  cases  that  the  nerve  itself  has  no  special  action, 
but  that  the  infection  is  cau.sed  by  means  of  lymphatics  in  the  nerve- 
sheath.  Adami  maintains  that  in  manv  of  these  cases  the  poi-sons  them- 
selves are  not  the  direct  cause  of  the  inllamniatory  manifestations. 
He  holds  that  '  ilie  irritation  of  a  sensorv  nerve  of  the  primarily 
inflamed  area  influences  the  whole  of  the  neuron  of  which  it  is  a  part." 
Thus,  the  irritant  action  is  distributed  by  the  lu'anches  of  the  nerve, 
and  so  the  vascular  and  other  changes  which  are  the  important 
feature  of  the  primarv  focus  must  l)e  regarded  as  the  result  of 
relle.x  action. 
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CHRONIC  INFLAMMATION 

The  term  "  chronic  inflammation  "  is  used  to  denote  at  least  two 
different  conditions.  In  one  it  is  applied  to  the  results  produced  by 
an  inflammation  which  has  lasted  for  a  long  time,  but  in  which  the 
acute  reactions,  though  present,  are  not  marked  ;  in  the  other,  to  con- 
ditions in  which  the  main  change  is  an  overgrowth  of  fibrous  tissue 
resulting  from  a  slowly  acting  irritant  or  as  a  sequel  of  degenerative 
changes. 

In  the  first  type  of  case  all  the  ordinary  phenomena  of  inflamma- 
tion are  present  to  a  greater  or  less  extent ;  the  inflammatory  exudate 
is  produced,  and  this  undergoes  organization,  and  may  eventually  be 
converted  into  dense  fibrous  tissue,  by  the  processes  which  will  be  dealt 
with  in  the  section  on  Repair.  Side  by  side,  however,  with  these  repara- 
tive processes  the  degenerative  and  inflammatory  ones  go  on. 

It  is  common  to  speak  of  chronic  peritonitis  or  chronic  pleurisy 
when  we  merely  mean  the  results  of  an  acute  process,  the  whole  of 
the  inflammatory,  degenerative,  and  reparative  processes  having 
subsided.  This  should  be  clearly  differentiated  from  true  chronic 
inflammation,  where  all  the  processes  are  going  on  side  by  side, 
though  the  reparative  are  usually  in  excess  of  the  destructive  ones. 
There  are  numerous  examples  of  this  form  of  chronic  inflammation, 
but  perhaps  the  best  examples  are  found  in  diseases  of  bone,  where 
the  reparative  overgrowth  is  seen  in  the  marked  thickenings  which 
are  constantly  present. 

A  similar  chronic  inflammatory  condition  may  be  due  to  special 
organisms  that  have  a  low  grade  of  virulence,  or,  at  any  rate,  pro- 
duce a  weak  toxin  which  acts  slowly  on  the  tissues.  Such  chronic 
inflammatory  conditions  are  characteristic  of  tuberculosis,  syphilis, 
leprosy,  glanders,  actinomycosis,  etc.  In  these  conditions  the  ordinary 
inflammatory  phenomena  are  present,  but  the  special  feature  is  a 
production  of  granulation  tissue  resulting  from  a  proliferation  of  the 
vessels  and  the  cells  of  the  part.  In  this  form  of  chronic  inflamma- 
tion there  may  be  exhibited  certain  special  features,  such  as  necrosis 
and  giant-cell  formation,  these  giant  cells  being  formed  by  a  fusion  of 
mononucleated  cells. 

In  the  second  class  of  cases  the  special  characteristic  is  the  pro- 
duction of  new  tissue  for  the  purposes  of  regeneration  or  replacement 
of  old  tissue.  The  condition  is  rather  one  of  hyperplasia  than  of 
inflammation.  The  ordinary  reactions  which  are  seen  in  acute  inflam- 
mation are  absent. 

As  a  general  rule,  the  connective  tissue  which  has  replaced  the  old 
tissue  is  seen  in  the  early  stages  of  its  existence  as  granulation  tissue. 
Subsequently  it  undergoes  various  changes,  which  need  not  be  described 
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here,  being  eventually  converted  into  fibrillated  connective  tissue- 
This  hyperplasia  is  frequently  seen  in  nnicous  mcnibranes  which 
are  the  seat  of  some  chronic  irritation,  thr  various  elements  of  llie 
mucosa,  but  especially  the  lymph  nodes,  becoming  thickened  and  often 
fibrous.  Chronic  interstitial  overgrowth  of  fil)rous  tissue  is  seen  in  the 
lungs  in  cases  of  ant hracosis,  silicosis,  syphilis,  glanders,  etc.,  without 
any  accompanying  acute  intlammatory  changes,  and  a  similar  over- 
growth of  fil)rous  tissue  occurs  in  the  liver,  kidney,  etc..  in  the  .so- 
called  chronic  interstitial  inflammations  (cirrhosis  of  the  liver,  chronic 
interstitial  ne])hritis.  etc.).  The  essential  changes  in  all  these  cases  are 
degeneration  and  necrosis  of  the  specially  functioning  elements,  and 
a  replacement  of  tliese  l)y  ti.ssue  which  is  at  first  cellular,  but  later 
definitely  fibrous.  It  is  true  that  leucocyte  emigration  and  other 
inflammatory  phenomena  often  occur  around  these  areas  of  what 
Adami  calls  "  replacement  fibrosis,"  but  we  regard  these  as  secondary 
to  the  degenei'at ion  and  necrosis. 
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THE  CLINICAL  COURSE  AND  TREATMENT 
OF  INFLAMMATION 

By  MAYNARD  SMITH,  M.B„  B.S.,  F.R.C.S. 

The  causation  and  the  pathology  of  inflammation  having  been  dis- 
cussed in  detail  in  the  preceding  article,  it  is  intended  now  to  view 
the  phenomena  of  inflammation  from  the  clinical  standpoint  ;  to 
show  by  what  local  and  constitutional  signs  and  symptoms  the  sur- 
geon is  enabled  to  infer  the  presence  of  the  various  pathological  pro- 
cesses which  constitute  inflammation  ;  to  point  out  how  these  processes 
may  terminate  ;  and,  Anally,  to  discuss  the  means  which  the  surgeon 
has  at  liis  disposal  to  restore  the  inflamed  parts  to  their  normal 
condition.  As  pathologically,  so  also  clinically,  acute  and  chronic 
inflammation  are  so  far  removed  in  their  manifestations  that  they 
need  separate  consideration. 

ACUTE  INFLAMMATION 

Local  symptoms. — The  local  signs  of  acute  inflammation  can 
be  grouped  under  Ave  headings  : 

1.  Kedness.  4.  Pain. 

2.  Swelling.  5.  Interference  with  function. 

3.  Heat. 

The  first  four  of  these  have  from  time  immemorial  been  looked 
upon  as  the  cardinal  signs  of  inflammation  ;  they  are  the  "  rubor  et 
tumor  cum  colore  et  dolore  "  of  Celsus. 

1.  Redness.' — This  is  due  to  the  increased  amount  of  blood  present 
in  the  vessels  of  the  inflamed  area.  In  the  earlier  stages  there  is  a 
bright  red  blush  of  the  skin,  disappearing  with  the  pressure  of  the 
finger  and  rapidly  returning  as  the  pressure  is  removed.  After  a 
little  time  it  is  found  that  while  the  colour  disappears,  on  removal  of 
the  pressure  it  returns  but  slowly  :  the  vessels  of  the  part  are  dilated, 
but  the  blood-flow  through  them  is  slow.  At  the  same  time  the 
decreased  rate  of  blood-flow  leads  to  less  perfect  oxygenation  of  the 
blood  in  the  region  of  inflammation,  and  the  colour  changes  from  a 
bright  to  a  dusky  red.  Later,  the  colour  becomes  still  darker  and 
assumes  a  purplish  tint ;  pressure  with  the  finger  no  longer  empties 
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the  vessel,  .iiul  tlic  cnlDur  is  not  caused  to  disappear  :  stasis,  or  even 
tlirombosis.  has  occuricd.  In  sonic  ot  1  he  lunrc  acute  fnrins  of  inllainnia- 
tion  mottled  red  |iatclies  aic  picsenl .  w  here  I  he  i-ed  eiirpusch's  hav(^  made 
their  way  in  large  numbers  through  tiie  damaged  walls  of  the  vessels. 
In  non-vascular  tissues  the  I'cdness  must  })e  loolced  foi'  in  the  neighbour- 
ing vascular- ])ai'1s  ;  tlie  hx'pera'nua  and  congestion  of  the  conjunctiva 
in  coi-neal  ulceration  is  one  of  the  liest  known  exam])les  of  this.  After 
the  sulisnh'nce  of  an  acute  inflammation  the  restoration  of  the  vessels 
111  the  alTcctcd  area  to  their  normal  condition  mav  occupv  weelcs  or 
montlis.  and  conse(|uent  1\-  the  redness  is  of  like  duration:  more- 
over, when  large  numlK-rs  of  red  corpuscles  have  escaped  into  the 
tissues  aidund  the  vessels,  permanent  isigmentation  may  remain. 

2.  Swelling  is  dependent  in  the  first  place  upon  the  increased 
amount  of  lihmd  in  the  |iart  ;  l)ut  very  soon  (>xudation  of  lluid  and 
cells  from  the  disleiuh'd  I ih lod-vessels  takes  jjlace,  and  the  swelling 
becomes  more  oln-ious.  When  the  skin  ])its  on  jiressure  in  a  case  of 
acute  inflammation,  exudation  into  the  tissues  immediately  beneath 
it  may  be  inferred.  The  amount  of  exudation  which  takes  jjlace  is 
dependent  cliiefh'  upon  the  laxity  or  density  of  the  tissues  involved. 
Thus,  in  abscess  of  the  jjalm  the  dense  subcutaneous  tissue,  inter- 
sected everywhere  by  tough  librous  bands,  is  capable  of  rec'eiving  only 
the  smallest  amount  of  exudation,  and  the  swelling  is  comparatively 
slight.  Similarlv.  inflamed  bones  cannot  themselves  swell  in  response 
to  inflainmatinn,  and  anv  eidargement  detected  bv  examination  is 
due  to  (>xudation  into  or  l)eneath  their  periosteal  covering.  On  the 
uther  hand,  exudation  into  the  lax  tissues  of  the  eyelid  or  the  scrotum 
may  give  rise  to  the  most  exaggerated  degrees  of  swelling.  Neglect  to 
bear  in  mind  this  differing  tendency  to  exudation  may  lead  to  error. 
Thus,  to  recur  to  the  first  (pioted  examjile  of  a  ])almar  abscess,  while  it 
is  true  that  the  palmar  swelling  is  slight,  there  may  be  a  very  advanced 
degree  of  tumefaction  of  the  tissues  on  the  dorsum  of  the  hand,  which 
mav  distract  attention  from  the  real  site  of  the  afltection.  As  a  further 
exam])le  ma\-  be  mentioned  the  swelling  of  the  eyelid  which  may 
accom])any  an  iidhimmatory  focus  on  the  scalp  hidden  from  view 
bv  the  hair.  It  will  be  understood  from  what  has  been  said  that  the 
amount  of  swelling  is  therefore  not  necessarily  an  index  to  the  severity 
of  the  inllamiiiation. 

•").  Heat  in  iidhimmation  is  both  a  subjective  and  an  oljjective 
phenomenon.  Tn  thr  ]iatient  it  is  evident  by  the  (diaracteristic 
l)uruing  feeling,  whilst  the  surgeon  may  readily  appreciate  its  pre- 
sence liv  placing  his  hand  over  the  inflamed  part.  The  use  of  a  ther- 
mometer will  show  readilv  a  difference  between  the  temperature  of 
the  skin  over  the  area  of  inflammation  and  the  normal  skin  at  a 
distance.    As  is  stated  later,  inflammation  is  associated  with  a  rise 
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of  temperature  of  the  body  generally,  but  the  condition  now  under 
consideration  is  the  difference  in  temperature  between  the  inflamed 
area  and  the  other  parts.  This  local  heat  is  due  to  hypersemia,  and 
not  to  any  local  production  of  heat ;  hence  the  local  temperature 
never  rises  above  that  in  the  left  ventricle.  Elaborate  experiments 
have  been  made  with  a  view  to  deciding  whether  there  is  any  actual 
production  of  heat  locally  as  the  result  of  inflammation,  and  it  may 
be  taken  as  proved  that  any  such  production  is  of  the  slightest,  and 
is  incapable  of  affecting  the  general  body  temperature. 

4.  Pain  is  a  prominent  and  almost  constant  feature  of  acute 
inflammation.  It  is  due  to  pressure  on  the  sensory  nerve  terminals, 
as  a  result  of  hypersemia  and  exudation,  and  it  is  probable  that  the 
inflammatory  process  renders  these  hypersensitive.  The  degree  of 
pain  is  dependent  not  so  much  upon  the  amount  of  hyperaemia  and 
exudation  as  upon  the  tension — that  is  to  say,  upon  the  ability  of  the 
inflamed  part  to  expand  in  order  to  accommodate  the  distended  blood- 
vessels and  the  surrounding  exudation.  Thus,  inflammatory  exuda- 
tion into  dense  tissues  such  as  the  palm  of  the  hand,  or  into  a  bone, 
or  beneath  firm  and  unyielding  structures  such  as  the  popliteal  fascia, 
will  cause  the  greatest  pain  ;  exudation  into  an  eyelid  or  beneath  the 
lax  skin  of  the  forearm  is,  however,  comparatively  painless.  It  may 
be  said,  therefore,  that  the  pain  of  exudation  varies  inversely  with  the 
swelling.  The  character  of  the  pain  differs  with  the  tissues  affected  ; 
thus,  it  is  burning  when  the  conjunctiva  is  affected,  stabbing  in  the 
case  of  the  pleura  or  the  peritoneum,  and  aching  in  inflammation 
of  bone. 

5.  Interference  with  function  is  invariably  present.  This  is 
due  partly  to  the  pain  caused  by  use.  The  inflamed  eye  cannot  bear 
the  light,  and  the  patient  cannot  move  an  inflamed  hand.  Exuda- 
tion, deranged  blood  supply,  and  damage  to  the  constituent  cells  of 
the  part  also  have  their  share  in  this  impairment  of  function,  as  shown 
in  the  cessation  of  function  of  secreting  glands,  or  the  imperfect  con- 
traction of  an  inflamed  muscle. 

Constitutional  signs. — Accompanying  the  local  inflamma- 
tory process,  certain  general  or  constitutional  signs  are  present  in 
greater  or  lesser  degree.  These  signs,  grouped  together,  may  be 
designated  by  the  term  "  fever."  Before  proceeding  to  describe  them 
in  detail,  it  is  necessary  to  consider  the  agency  by  which  a  local 
inflammation  gives  rise  to  systemic  disturbance.  The  majority  of 
inflammatory  processes  are  due  to  the  presence  of  micro-organisms, 
and  in  these  cases  it  is  the  absorption  into  the  circulation  of  the  toxins 
produced  by  the  growth  of  these  organisms  which  is  responsible.  That 
such  is  the  case  has  been  proved  by  the  production  of  fever  by  inject- 
ing into  the  circulation  the  products  of  growth  of  artificial  bacterial 
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cultures.  It  is,  liowcxrr,  umlnulili'il  that  f('l)rik;  syin])toms  iu:iv 
follow  aseptic  iiillanuiiaton'  processes  sucli  a-;  result  fi'oin  frac- 
tures or  subcutaneous  extravasations  of  In  this  cases  the 
probable  cause  is  tiie  presence  in  the  circulation  of  fibrin  ferment 
set  free  at  the  site  of  injury.  Tluit  filjriii  ferment  is  capal)le  of  pro- 
ducinp;  fever  lias  Ijeen  shown  cxpei-imciitallv  iu  animals,  anil  in  these 
the  phenomena  which  fnllow  ha\e  been  fnund  to  correspond  chjselv 
witii  those  observed  alter  the  injecthui  III  tiixins. 

The  most  prominent  and  most  constant  of  the  constitutional  sie;ns 
of  iiillammation  is  a  I'aised  temperature,  slight  and  transient  in  cases 
where  tlie  local  process  is  aseptic,  more  marked  and  more  lasting 
where  a  bacterial  im'asion  has  taken  ])lace.  With  this  the  pulse  rises 
and  i^  full  and  bnnndiiiL;  :  the  respirations  also  become  increased  in 
I rei |uene\'.  The  jiatient  complains  of  headache,  loss  of  a])petiti', 
and  thirst:  the  si<in  is  hot  and  dry,  the  tongue  white  and  coated, 
the  breath  foul,  and  constipation  is  present,  the  motions  when 
l)assed  being  unduly  olYensive.  .  The  urine  is  of  high  specific  gravity, 
containing  an  excess  of  uric  acid  and  urates,  and  in  many  cases 
albumin  mav  be  detected.  If  the  inflammation  continue,  the  general 
strength  nf  the  patient  is  seriously  tried;  he  becomes  exhausted 
and  emaciated.  Tiie  complexion  grows  sallow,  and  a  varying  degree 
of  ana'inia  resnlts.  Deliiiuin  may  ensue,  and  iiia\-  nshi'i'  in  a,  fatal 
termination. 

While  such  are  the  characteristic  phenomena  to  be  observed,  it 
may  l)e  pointed  out  tiiat  two  types  of  fever  may  be  recognized — the 
sthenic  and  tlie  asthenic.  In  the  former  the  signs  ai"e  those  enu- 
merated, and  the  term  sthenic  "  may  fairl\'  lie  employed  when  they 
are  well  marked.  At  times,  however,  owing  to  a  jnirticularly  virulent 
form  of  infection,  or  consei|uent  \ipon  a  prolonged  duration  of  the 
iiiflammatory  process,  or,  in  other  cases,  as  a  result  of  an  enfeebled 
ami  ])oorly  resisting  constitution,  the  signs  are  modified.  The  emacia- 
tion ami  exhaustion  are  more  marked  ;  the  pulse-rate  is  very  higii,  but 
the  pulse  becomes  feeble  and  easilv  compressible  ;  the  temperature  is 
higher.  .Vna^mia  is  marked,  the  tongm^  is  brown  aiul  dry,  the  teeth 
are  covered  with  sordes,  and  a  low  muttering  delirium  ensues,  to  be 
contrasted  with  the  restless  or  raving  delirium  of  the  sthenic  type. 
Owing  to  the  occurrence  of  this  type  of  fever  in  the  later  stages  of 
typhoid,  it  is  often  spoken  of  as  "  the  tyj)hoid  state."" 

'The  constitutional  signs  of  inflammation  having  been  thus  reviewed, 
the  causes  of  these  .signs  will  now  be  considered.  The  regulation  of 
the  temperature  is  dependent  upon  a  heat-regulating  centre  in  the 
medulla,  which  maintains  an  eciuililn'ium  lietween  the  heat  produced  by 
tissue  metabolism  in.  more  especiallv.  the  voluntary  muscles  and  great 
viscera,  and  that  lost  from  the  skin  by  radiation  and  perspiration,  aiul 
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from  the  lungs  by  respiration.  The  occurrence  of  pyrexia  is  therefore 
an  indication  of  either  increased  heat  production  or  diminished  heat 
loss.  That  the  former  suggestion  is  the  only  tenable  one  may  be  sur- 
mised from  the  obvious  evidences  of  increased  metabolism  given  by 
the  wasting  of  fatty  and  muscular  tissues,  and  the  increase  of  urea 
and  urates  in  the  urine,  and  has  been  conclusively  shown  to  be  so  by 
calorimetric  observations  in  animals. 

It  is  generally  held  that  the  increased  heat  production  is  not  due 
to  direct  action  of  the  circulating  toxins  or  other  pyrogenetic  substance 
on  the  tissues,  but  rather  to  the  derangement  by  them  of  the  heat- 
regulating  centre.  The  other  phenomena  observed  in  fever  may  be 
explained  by  the  action  of  the  toxic  substances  in  the  blood  on  the 
cells  of  the  organs  through  which  it  circulates  ;  thus  changes  are  found, 
and  may  be  demonstrated  microscopically,  in  the  cells  of  the  heart 
muscle,  of  the  kidney,  and  of  the  liver  and  other  secreting  glands  of 
the  digestive  system. 

Terminations  of  inflammation. — When  the  inflammation 
has  not  been  severe  or  prolonged  in  character,  the  exudate  may  dis- 
appear, the  blood-flow  through  the  inflamed  tissues  be  restored,  and 
the  vessels  return  to  the  normal.  In  such  a  case  resolution  is  said  to 
have  taken  place.  In  other  cases  the  inflammatory  action  progresses  ; 
the  continued  action  of  the  bacteria  causes  degeneration  and 
death  of  the  cells  in  the  inflamed  tissues  and  in  the  exudate,  and  so 
pus  is  formed.  The  second  termination  of  inflammation  is  thus  in 
suppuration.  Again,  when  inflammation  is  of  longer  standing,  the 
tissues  of  the  part  become  replaced  to  a  greater  or  lesser  degree  by  a 
mass  of  cells  such  as  are  present  in  inflammatory  exudates.  This 
mass  of  cells  does  not  become  absorbed  again  into  vessels  and  lym- 
phatics, but  remains,  and,  undergoing  vascularization,  forms  granu- 
lation tissue.  This  later  undergoes  further  transformation  into  fibrous 
tissue,  bone,  etc.,  according  to  its  site.  Such  changes  are  particu- 
larly likely  to  arise  when  the  inflammation  is  of  a  less  severe  or  sub- 
acute type,  but  may  also  be  a  subsequent  stage  in  the  acute  process, 
the  formation  of  granulation  tissue  with  its  sequel,  fibrosis,  continu- 
ing sluggishly  and  producing  the  condition  of  chronic  inflammation. 
When  a  free  surface  of  skin  or  mucous  membrane  is  inflamed  the 
process  may  terminate  in  ulceration.  Lastly,  when  the  causal  agent 
of  the  inflammation  is  of  an  unusually  virulent  type,  or  when  con- 
stitutional or  local  changes  have  lessened  the  resistance  of  the  tissues, 
gangrene  may  occur.  The  immediate  cause  of  this  is  deprivation  of 
blood  supply  due  to  extensive  surrounding  thrombosis,  and  such  a 
termination  is  particularly  hkely  to  arise  when  the  density  of  the 
inflamed  tissues  is  such  as  to  render  it  difficult  for  swelling  to  take 
place  in  response  to  exudation.    This  will  cause  the  vessel  to  suffer 
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from  the  pressure  of  the  exudate,  and  will  |)r('ci])itate  tluonibosis  when 
.slouinu  of  the  l)ln()d-sti'('a!n  oi'  stasis  is  alrcadx'  prrsi'iit. 

Local  treatment.-  Tlic  iiitroduciiun  nj'  liicr's  hvjxTa'mic 
method  as  a  routine  treatment  lni-  all  inllammation  seemed  at  first 
si^ht  to  1)0  so  absolutely  opposed  tn  the  old  methods  of  treatment, 
in  w  Incii  tlic  cliii'f  aim  was  stated  to  be  to  relieve  the  congestion, 
that  it  is  advisable  bne|l\-  to  i'e\'iew  the  tlieoiA'  of  the  treatment  of 
intlaniniat  ion. 

It  is  now  generally  recognized  that  intlanimat ion  is  not  in  its(»ll' 
;i  liarndul  process.  It  is  e\Mdence  of  the  existence  of  a  harmful  pro- 
cess in  the  shape  of  a  l)a(  terial  invasion.  Moreover,  it  is  ill  large  part 
the  attempt  on  the  part  of  the  body  to  resist  that  invasion.  Diminu- 
tion of  the  severity  of  the  inflammatory  phenomena  accompanies 
the  \-ictorv  of  the  tissues  o\-(>i'  the  attack'.  This  is  not  evidence  that 
the  body  has  overcome  the  inllammation,  but  that  it  has  overcome  the 
])acterial  invasion  which  was  the  cause  of  the  inhammation.  The  iii- 
flamnuition  subsides  when  the  defeat  of  the  bacterial  invasion  removes 
the  cause.  It  is  therefore  necessary  to  dismiss  the  idea  that  intlam- 
nuition  is  in  itsell'  dangerous.  It  is  a  danger  signal  (.\dami).  Bier, 
indeed,  in  his  hypera-mic  treatment  aims  at  increasing  hypera-niia. 
and  incidentally  the  swelling  and  redness  which  are  the  cardinal  signs 
of  iidiammation  :  and  his  method  of  treatment  has  been  very  widelv 
adojJted.  though  ])erhaps  less  in  this  country  than  elsewhere.  From 
time  immemorial,  however,  it  has  lieen  lookeil  u])on  as  the  greatest 
indication,  in  treating  inilammation.  to  reduce  the  local  congestion. 
The  clinical  oliservation  that  allowing  the  arm  to  hang  down  when  a 
finger  is  inflamed  causes  the  pain  to  become  intense  and  throbbing, 
whereas  raising  the  arm  gives  immediate  relief,  has  so  overshadowed 
the  discussion  on  intiammarion  that  it  has  been  sought  to  prove  that 
any  and  every  successful  measure  adojjted  in  the  treatment  of  inflam- 
mation has  for  its  rationale  the  diminution  of  congestion.  Heat  is 
almost  universally  included  in  textbooks  under  the  means  of  reliev- 
ing congestion,  and  manv  theories  are  advanced  as  to  the  wav  in 
which  it  does  this.  That  heat  diminishes  congestion  seems  to  me  to 
be  an  untenable  hypothesis,  and  contrary  to  all  experience.  Cold, 
on  the  other  hand,  undoubtedly  diminishes  congestion — at  any  rate,  of 
the  more  superficial  parts,  but  its  use  in  inflammatory  affections  of  the 
skin,  where  its  action  in  reducing  congestion  would  be  most  potent,  is 
condenuied.  It  cannot  be  denied  that,  except  in  ca.ses  of  trau- 
matism, heat  is  the  means  nearly  always  employed  in  the  treatment  of 
inflammation,  to  the  exclusion  of  cold.  So.  if  it  be  accepted  that 
heat  prodiu-es  hypeia'mia.  it  would  seem  that  the  production  of  liyper- 
a  inia  has  alwa\-s  lieen  the  most  commonly  atlo])ted  method  of  treat- 
ing inflamn\ation.    On  the  other  hand,  it  must  l)e  recognized  that 
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incisions,  scarifications,  local  and  general  blood-letting,  and  the 
administration  of  cardio-vascular  depressants  do  undoubtedly  relieve 
the  local  hypertemia,  congestion,  and  exudation  ;  and,  moreover,  it 
cannot  be  controverted  that  each  and  all  of  these  have  important 
places  in  the  treatment  of  inflammation. 

The  truth  is  that  different  cases  need  treatment  on  different  lines, 
and  this  principle  is  to  be  recognized  in  the  practice  of  the  past  and 
of  the  present.    Adami  divides  cases  of  inflammation  into  three  classes, 
as  follows  :    (a)  Where  the  local  reaction  is  adequate.    The  ordinary 
aseptic  healing  of  a  wound,  or  the  normal  process  of  union  of  a  fracture, 
are  examples  of  this,    (b)  Where  the  reaction  is  inadequate.  Bacterial 
invasions  supply  the  cases  of  this  class.    Here  it  must  be  understood 
that  the  mere  fact  of  much  redness,  swelling,  and  heat  does  not  show 
adequate  reaction.    The  increase  in  these  signs  is,  on  the  contrary, 
evidence  that  the  bacterial  invasion  is  not  being  overcome.    It  is  to 
these  cases  that  heat  is  applied  as  a  routine  treatment,  and  it  is  for 
these  in  particular  that  Bier's  method  of  inducing  hyperjemia  might 
be  employed.    The  added  hypersemia  induced  by  either  of  these 
methods  will  bring  to  the  part  the  leucocytes  and  protective  substances 
of  the  blood  needed  to  resist  the  microbic  invasion,    (c)  Where  the 
reaction  is  excessive.    In  these  cases,  owing  to  the  virulence  of  the 
causative  organisms  or  to  the  deficient  vitality  of  the  tissues,  conse- 
quent upon  some  constitutional  debility,  the  vessels  of  the  part  are 
paralysed,  the  exudation  is  excessive — the  excess  being  of  fluid  and 
the  leucocytes  few  in  number — and  the  sluggish  circulation,  with  wide- 
spread stasis,  is  threatening  extensive  destruction  of  the  part.  Such 
cases  as  these  the  surgeon  treats  by  incision  to  relieve  tension  and 
allow  the  draining  away  of  toxin-containing  serum,  and  so  to  restore 
the  circulation  in  the  affected  parts.    Such  excessive  exudation  is  also 
found  after  traumatism,  and  these  are  the  cases  in  which  cold  is 
employed.    Its  action  is  to  diminish  the  extravasation  of  blood  from 
the  vessels  and  to  lessen  the  exudation.    The  case  here  is  different 
from  that  of  a  microbic  invasion  ;  for,  whilst  one  would  not  say 
that  exudation  after,  for  instance,  a  sprain  is  useless,  yet  it  is  not 
desirable  in  the  same  sense  as  in  the  former  condition. 

The  methods  employed  in  the  local  treatment  of  acute  inflammation 
will  now  be  considered  in  detail. 

Removal  of  the  cause. — Since  the  presence  of  bacteria  in  the 
tissues  is  the  most  frequent  cause  of  acute  inflammation,  it  is  clear 
that  removal  of  the  cause  is  seldom  feasible.  Occasionally,  as  in  the 
case  of  a  malignant  pustule,  early  excision  will  cut  short  the  disease. 
Generally  speaking,  httle  more  can  be  done  than  to  remove  a  foreign 
body  or  other  source  of  irritation,  should  such  exist. 

Rest. — Mechanical  and  physiological  rest  must  be  secured.  Splints, 
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slings,  ami  bandages  are  employcil  to  this  end,  and  in  some  cases  the 
recumbent  position  is  called  for.  It  is  advisable  to  raise  the  inflamed 
part,  as  there  can  be  no  doubt  that  pain  is  therebv  diminished. 

Heat. — The  ap]jlication  of  heat  is  the  most  generally  emploj'cd 
method  of  Ircatinu  inlhininiation.  .\septic  oi-  antiseptic  fomentations 
are  usually  applicil.  They  ha\'e  the  disajhantage  that  they  lose  heat 
very  quickly,  antl  from  this  point  of  view  jioultices  are  preferable. 
Since,  however,  poultices  are  incapable  of  efficient  sterilization  and  are 
dirty  in  application,  they  must  never  be  u.sed  for  an  open  wound,  nor 
in  cases  where  incision  is  likely  to  l)ecome  necessary. 

Cold. — The  application  of  cold  is  chiefly  of  service  in  limiting 
exudation  and  extravasation  of  f)lood  after  injury.  In  inllammatory 
alVections  due  to  bacterial  invasions  its  use  is  doubif\d.  It  is  oft;>n 
employed  in  the  early  stages  of  deeji-seated  iullammatoiy  foci.  Any 
relief  that  it  gives  in  these  ca.ses  is  probably  due  to  its  effect  on  the 
sensory  nerve  termiiuds.  which  reflexly  influences  other  nerve  cells  at 
the  sami'  level  in  tiie  cord.  These  cells  control  the  blood  supply  of  the 
deeper  parts  ;  diminution  of  congestion  is  thus  brought  about,  and 
consequent  relief  of  pain.  In  superficial  inflanunations — cellulitis 
or  erysipelas,  for  instance — relief  of  pain  is  undoubted,  but  no  treat- 
ment is  more  calculated  than  is  cold  to  produce  widespread  sloughin<!,-. 
Evaporating  lotions,  ice-bags,  and  Leiter's  tubes  are  the  usual  metliods 
of  applyin<i  cold. 

Scarification  and  incision. — These  measures  are  employed  wliere 
there  is  much  swelling  and  len.-^ion  in  the  part  and  a  sluggish  circula- 
tion calls  attention  to  the  danger  of  necrosis.  The  former  measure  is 
employed  in  intlammation  of  mtu'ous  membranes,  a  series  of  superficial 
cuts  being  nuide  with  the  point  of  a  scalpel  over  the  affected  part. 
Incisions  are  serviceable,  more  particularly  in  infhinunation  of  dense 
cellular  ti.ssue  and  of  the  periosteum  of  bones.  They  should  be  planned 
with  due  regard  to  the  anatomical  structure  of  the  part.  Fomentations 
art'  subse(iuently  applied  to  encourage  the  discharge. 

Leeches  and  cupping  are  employed  for  the  purpose  of  local  blood- 
letting over  a  deep-seated  inllammatory  focus.  The  amount  of  blood 
icmoved  by  these  means  is  so  small  that  it  can  have  no  influence  on 
the  general  blood  pressure.  That  the  amount  of  blood  passing  through 
the  deep  parts  is  directly  affected  is  inconceivable,  since  th?re  is  usually 
verv  little  connexion  between  the  superficial  and  the  deep  vascular 
supph  .  Anv  eifect  is  probaV)ly  of  a  reflex  nervous  origin,  as  in  the 
case  of  cold. 

Bier's  hyperaemic  treatment. — The  technique  of  this  treatment 
is  described  \:\  the  :Mticlc  on  Suppuration  (p.  191).  Its  rationale  may 
be  briefly  summarized  thus  :  Inflammation  is  not  in  itself  a  disea.se,  ljut 
a  contlition  brought  about  by  the  attempt  of  the  Jiving  body  to  rtqicl 
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a  bacterial  invasion  or  to  combat  the  effects  of  a  mechanical  injury. 
The  hypersemia,  which  is  the  earliest  and  most  pronounced  sign  of 
inflammation,  is  therefore  a  beneficent  phenomenon,  and  the  object  of 
the  treatment  is  to  increase  this  hypersemia. 

General  treatment. — Tlie  resistance  to  microbic  invasion  is 
not  only  a  matter  of  local  reaction.  The  body,  as  a  whole,  is  concerned 
in  the  process.  Leucocytes  and  protective  substances — antitoxins, 
opsonin,  lysins.  etc. — which  are  essential  to  successful  resistance  are 
not  formed  locally  alone,  but  in  the  body  as  a  whole.  It  is  import- 
ant, therefore,  not  only  to  treat  inflammation  locally,  but  also  to  place 
the  body  generally  in  a  condition  to  do  its  share  in  combating  the 
inflammatory  process.  Rest  and  avoidance  of  fatigue  are  essential,  and 
in  the  severer  cases  this  entails  confining  the  patient  to  bed.  The  diet 
should  consist  of  such  food  as  the  patient  can  most  readily  digest.  Milk 
and  broths  or  meat  extract  are  all  that  is  necessary  in  the  early  stages. 
A  large  amount  of  fluid  may  be  allowed.  It  is  comforting  to  the  patient, 
who  is  always  thirst}^,  and  increasing,  as  it  does,  the  secretion  of  the 
Iddneys  and  the  skin,  it  assists  in  the.  elimination  of  toxic  products. 
A  purge  should  always  be  given  at  the  outset  of  the  treatment,  and 
the  bowels  should  be  kept  freely  active  throughout.  Saline  aperients, 
such  as  sulphate  of  magnesium,  are  the  most  useful.  The  action  of  the 
Iddneys  and  of  the  skin  is  stimulated  by  the  administration  of  diuretics 
and  sudorifics.  Stimulants  will  be  necessary  in  those  cases  in  A\hich 
the  asthenic  type  of  fever  is  present.  Brandy,  strychnine,  and  digitalis 
are  the  best.  The  administration  of  quinine  and  other  antipyretics 
is  called  for  when  the  fever  is  high,  and,  should  hyperpyrexia  super- 
vene, cold  packs  and  hydrotherapeutic  measures  will  be  necessary. 

Serum-  and  vaccine-therapy. — Of  late  years  attempts  have 
been  made  to  increase  the  antibacterial  properties  of  the  blood  in 
treating  inflammatory  conditions.  These  measures  are  described  else- 
where (p.  90),  and  will  therefore  be  but  briefly  touched  upon.  It  is  pos 
sible  in  animals,  by  repeated  inoculation  with  doses  of  organisms,  to 
develop  a  high  power  of  resistance  on  the  part  of  the  animal  to  those 
organisms.  The  antibacterial  powers  that  the  animal  has  acquired 
lie  in  certain  substances  contained  in  the  blood-serum,  and  it  is 
this  serum  which  is  employed  for  inoculation  into  the  human  patient. 
Although  in  a  few  diseases,  such  as  diphtheria  and  tetanus,  the  uses 
of  antitoxic  serums  are  undoubted,  the  therapeutic  advantages  of 
other  antitoxic  or  of  antibacterial  serums  are  very  questionable  in 
the  case  of  the  organisms  found  in  common  surgical  affections.  Much 
more  promising,  and,  I  may  say,  of  proved  service,  is  the  administra- 
tion of  vaccines,  consisting  of  Icnown  numbers  of  dead  organisms  of 
the  kind  which  are  attacking  the  patient's  tissues.  The  inoculation  of 
a  vaccine  is  followed  by  a  rise  in  the  amount  of  opsonins  in  the  blood- 
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stream,  and  these  opsonins  act  on  the  invading  organisms  in  such  a 
way  as  to  render  them  more  vulnerable  to  the  attacks  of  and  ingestion 
by  the  leucocytes  of  the  patient. 

CHRONIC  INFLAMMATION 

Symptoms. — There  is  a  swelling  of  the  intlamed  area,  due  in  part 
to  hyperaemia  and  exudation,  in  part  to  the  vascularization  of  the 
cells  of  the  exudate,  and  in  part  to  fibrous  tissue  into  which  the 
latter  is  converted  by  processes-  described  under  Repair  (p.  147). 
When  the  fluid  exudate  is  a  marked  feature  there  may  be  oedema, 
recognized  by  "  pitting "  of  the  inflamed  part  on  pressure.  Pain 
is  very  variable,  and  is  dependent  upon  the  extent  to  which  the 
tissue  changes  involve  pressure  upon  sensory  nerves.  The  pain 
in  chronic  inflammation  of  bone  is  often  very  great,  although  of  a 
dull  acliing  nature,  whereas  chronic  inflammation  of  the  synovial 
membrane  of  a  joint  may  exist  as  a  painless  aiiection.  Tenderness 
may,  as  a  rule,  be  elicited  by  pressure,  and  there  is  more  or  less 
evidence  of  hyperemia  given  by  the  increased  temperature  of  the 
inflamed  area.  There  is  usually  no  redness,  unless  the  skin  itself  be 
involved  in  the  process,  although  a  dusky  tinge  or  the  presence  of 
enlarged  superficial  veins  is  not  uncommon. 

Local  treatment.  Removal  of  the  cause  is,  as  in  acute 
inflammation,  the  flrst  aim  of  the  surgeon.  Foreign  bodies,  necrotic 
fragments  of  bone,  and  carious  teeth  are  examples  of  removable  causes 
of  chronic  inflammation.  Certain  constitutional  causes  such  as  gout 
and  rheumatism  are  alluded  to  under  General  Treatment.  There 
still  remain,  however,  the  great  majority  of  cases,  in  whicli  chronic 
inflammation  is  the  result  of  a  bacterial  invasion,  and  in  these  cases 
complete  removal  of  the  cause  is  seldom  practicable. 

Rest,  both  mechanical  and  physiological,  is  as  essential  as  in  acute 
cases,  and  the  elevated  position  is  of  equal  importance. 

Counter-irritation  is  widely  employed  and  is  of  proved  service. 
The  method  of  action  is  not  clear.  The  benefits  derived  have  been 
attributed  to  a  reflex  nervous  influence,  and  more  recently  to  the 
increased  hypera;'mia  induced  by  its  use.^  The  chief  methods  of 
applying  coimter-irritation  are  painting  with  iodine,  blisters,  the 
cautery,  and  the  seton. 

Pressure  is  useful  in  that  it  limits  the  exudate  which  is  often  a 
prominent  feature,  and  perhaps  also  mechanically  assists  in  its  removal. 
Pressure  is  applied  by  means  of  elastic  bandages  and  of  strapping. 

1  The  oft-repeated  theory  that  counter-irritation  of  a  siirface  diminishes  the 
congestion  of  the  outlying  parts  has  been  shown  experimentally  to  be  erroneous. 
It  has  precisely  the  opposite  effect. 
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The  commonly  employed  Scott's  dressing  is  a  combination  of  this 
method  and  the  last. 

Massage  acts  by  favouring  the  absorption  of  exudate,  through 
its  mechanical  action  in  emptying  the  lymphatics,  and  probably  also 
by  inducing  hypersemia  and  quickening  the  blood-flow. 

Free  incisions  into  areas  of  chronic  inflammation  are  often  of 
strilcing  value.  They  enable  the  exudate  to  drain  away,  remove 
pressure  from  the  vascular  and  lymphatic  channels,  and  produce  a 
condition  of  hypera?mia  by  the  mechanical  traumatic  inflammation 
which  follows  their  employment.  Incisions  are  more  especially  useful 
in  treating  intractable  chronic  inflammatory  processes  affecting  bone. 

Bier's  hyperaemic  treatment  is  largely  employed  and  is  of 
great  value. 

General  treatment. — All  measures  should  be  taken  to  place 
the  patient  in  the  best  possible  hygienic  surroundings.  Tubercle  and 
sypliilis  are  two  of  the  most  frequent  causes  of  chronic  inflammation, 
and  their  presence  calls  for  appropriate  constitutional  treatment. 
Such  conditions  as  gout  and  rheumatism  need  the  usual  remedies  ;  and, 
finally,  when  the  persistence  of  the  inflammatory  process  is  endangering 
the  patient's  life,  more  especially  if  recovery  would  leave  a  limb  of 
doubtful  use,  the  question  of  amputation  must  be  considered. 
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By  J.  M.  BEATTIE,  M.A.,  M.D. 

The  processes  concerned  in  the  repair  of  wounds  or  injuries  are  clearly 
defined,  and  it  therefore  seems  unnecessary  to  refer  to  the  work,  inter- 
esting though  it  is,  which  has  led  up  to  the  views  now  generally  accepted. 

No  definite  line  can  be  drawn  between  the  processes  of  inflamma- 
tion and  those  of  repair.  The  destructive  and  the  proliferative  changes, 
which  are  characteristic  of  all  inflammatory  reactions,  may  go  on  side 
by  side,  and  in  any  given  case  the  one  or  the  other  may  predominate  ; 
but  the  term  repair,  in  its  general  acceptation,  is  confined  to  that 
series  of  reactions  in  which  the  proliferative  changes  are  in  excess, 
and  by  which  the  injured  tissues  are  restored  to  a  condition  more  or 
less  approximating  the  normal. 

These  proliferative  changes  are  best  studied  in  the  healing  of  a 
wound  of  the  skin  and  subcutaneous  tissues  ;  but  it  should  be  clearly 
understood  that  wherever  they  occur  the  same  series  of  reactions  is 
seen,  though  the  intensity  of  these  may  vary  in  individual  cases. 

In  some  the  repair  may  be  direct,  and  result  from  the  proliferation 
of  the  fixed  connective-tissue  cells  of  the  part — most  of  the  reactive 
phenomena  of  inflammation  being  either  entirely  absent  or  present 
only  in  a  minor  degree.  Usually,  however,  the  injmy  to  the  tissues 
will  have  caused  some  degree  of  reaction,  and,  as  a  result,  there  will 
be  dilatation  of  vessels,  leucocyte  emigration,  transudation  of  lymph, 
etc.,  with  the  consequent  deposit  in  the  injured  area  of  fibrin  and 
other  inflammatory  products.  In  addition,  there  will  be  destruction  of 
the  tissues,  partly  from  the  injury  itself  and  partly  from  the  reactive 
phenomena.  This  damaged  tissue  and  these  inflammatory  products 
must  be  removed  or  absorbed  before  the  healing  process  can  be 
effective. 

Again,  the  situation  in  which  the  injury  occurs  will  have  some  effect 
on  the  character  of  the  reparative  changes.  Thus,  the  changes  seen 
in  the  repair  of  an  injury  of  bone  will  differ  from  those  which  occur  in 
the  repair  of  an  injury  of  the  skin  and  subcutaneous  tissues,  but  it 
cannot  be  too  strongly  emphasized  that  these  differences  are  dependent 
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solely  ou  the  situation  and  the  nature  of  the  tissue  to  be  repaired,  the 
fundamental  phenomena  being  identical  in  both  cases. 

It  will  be  convenient,  therefore,  to  deal  in  the  first  place  with  the 
essential  j^rocesses,  such  as  are  seen  in  the  healing  of  an  incised  wound 
of  the  skin  and  subcutaneous  tissues,  and  later  to  discuss  the  varia- 
tions which  occur  in  connexion  with  the  repair  of  special  tissues. 

ESSENTIAL  PROCESSES  OF  HEALING 

1.  The  healing  process  as  seen  in  an  incised 
wound  of  the  skin  and  subcutaneous  tissues,  where  the 
wound  is  not  thoroughly  aseptic  and  where  the  suiiaces  are  not  accu- 
rately in  apposition :  healing  by  second  intention. 

During  the  first  tivelve  hours  the  margins  of  the  wound  are  red 
and  slightly  swollen,  these  changes  being  due  to  the  dilatation  of 
the  minute  vessels — an  early  result  of  the  reactive  phenomena — and 
to  the  infiltration  of  the  tissues  with  inflammatory  lymph  which  has 
exuded  from  these  vessels.  At  the  same  time  the  surfaces  become 
glued  together  by  blood  and  by  the  coagulated  lymph.  Leucocyte 
emigration  is  also  well  marked  at  this  stage,  the  leucocytes,  mainly 
of  the  polymorphonuclear  type,  passing  both  into  the  lymph  and  into 
the  tissues  at  the  margins  of  the  wound. 

In  tiventy-four  hours  all  these  changes  become  more  marked,  and 
the  endothelial  cells  lining  the  blood-vessels,  as  well  as  the  fixed  con- 
nective-tissue corpuscles,  show  swelling  and    distinct  proliferative 
changes.    In  from  thirty  to  thirty-six  hours  after  the  wound  has  been 
inflicted  vascular  buds  are  given  off  from  the  minute  vessels  at  the 
periphery.    These  buds,  which  are  conical  in  shape,  consist  at  first 
of  solid  masses  of  protoplasm  containing  nuclei.    This  protoplasm 
segments  into  irregular  masses,  the  nuclei  undergo  division,  and 
thus  are  formed  endotheUal  cells,  each  of  which  contains  usually  a 
single  nucleus.   The  newly  formed  endothelial  cells  separate  from  one 
another,  and  so  open  up  new  channels  continuous  with  the  lumen 
of  the  vessel  from  which  the  bud  originated.    From  the  distal  end 
of  these  buds,  long,  irregular,  protoplasmic  processes  grow  out  into 
the  coagulated  lymph  and  blood,  and  there  anastomose  with  one 
another.     Eventually  these  protoplasmic  processes,  together  with 
the  branches  which  they  give  oft',  open  up  in  the  same  manner  as  the 
parent  bud  from  which  they  arose,  and  by  this  process  there  is  formed 
in  the  coagulated  lymph  an  irregular  network  of  vascular  channels, 
lined  by  endothelial  cells  and  communicating  with  one  another  and 
with  the  original  vessels  of  the  part.     This  capillary  network  may 
be  present  within  tliirty-six  hours,  and  abundant  evidence  may  be  seen 
of  the  swelling  and  the  mitosis  of  the  endothelium  ot  the  developing 


Fig.  1. — Healing  wound,  showing  granulation  tissue,  with  thin-walled 
vessels,  leucocytes,  and  proliferated  connective-tissue  cells.    ■<  200. 


Fig.  2. — Healing  wound,  showing  new  vessel  with  slight  adventitial 
coat,  and  parallel  layers  of  spindle-shaped  cells.    X  200. 

Plate  20. 

i^Froni  Bcatiic  m(d  D'lLksoiis     Cowral  Pai/inlo-^y.") 


Fig.  1. — Showing  dense   fibrous  tissue  (scar  tissue)  with  epithelial 
covering.    X  35. 


Fig.  2. — Granulation  tissue  from  a  healing  wound,  showing  capillaries 
and  the  various  kinds  of  cells     x  200. 

Plate  21. 

{From  Beat  tie  and  Dicksoiis  ^''General  Pathology  ") 
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vessels.  Coincidently  with  its  formation,  oradual  absorption  and  solu- 
tion of  the  inflammatory  lymph  talces  place.  At  first  the  new  vessels 
are  extremely  imperfect,  having  only  an  endothelial  coat,  but  later 
an  adventitia  is  developed,  which  arises  as  a  result  of  the  proliferation 
of  the  fixed  connective-tissue  cells  of  the  part,  these  cells  arranging 
themselves  in  lines  parallel  with  tlie  walls  of  the  new  capillaries  (Plate 
20,  Fig.  1),  thus  forming  a  cellular  supporting  tissue  which  is  more 
or  less  abundant  m  the  capillary  network.  With  the  development  of 
this  su^jporting  tissue  tliere  is  a  gradual  absorption  and  disappearance 
of  the  inflammatory  exudate.  In  this  new  tissue — the  temporary 
granulation  tissue — the  vessels  always  remain  thin- walled,  and  are 
composed  merely  of  endothelium,  or  of  endothelium  with  a  few  adven- 
titial connective-tissue  cells,  and  in  consecjuence  dilatation  and  rupture 
of  them  are  common.  This  temporary  granulation  tissue  appears 
mainly  to  have  as  its  function  the  absorption  of  the  inflammatory 
and  other  products,  for  when  this  work  is  completed  the  capillaries 
waste  and  disappear. 

A  new  set  of  vessels  is  now  being  formed,  especially  in  the  deeper 
parts  of  the  wound,  and  these  gradually  pass  directly  upwards  towards 
the  surface  and  are  much  more  regular  in  their  order  of  development 
and  usually  better  supported  than  the  primary  set.  They,  too,  arise 
from  the  pre-existing  vessels  by  a  process  of  budding  similar  to  that 
seen  in  the  formation  of  the  primary  capillary  network.  These  vessels 
are  well  developed  in  forty-eight  hours,  and,  at  the  same  period,  spindle- 
shaped  cells  are  seen  lying  at  right  angles  to  the  vessels  ;  these  cells 
— the  fibroblasts — which  have  vesicular  nuclei,  abimdant  protoplasm, 
and  long  processes,  soon  form  definite  parallel  layers  (Plate  20, 
Fig.  2),  which  gradually  extend  upwards  from  the  deeper  to  the 
more  superficial  parts  of  the  wound,  thus  sewing  "  together  the  two 
adjacent  surfaces.  They  are  formed  mainly  by  a  prohferation  of  the 
fixed  connective-tissue  cells  of  the  part,  though  there  is  some  evidence 
to  show  that  they  may  also  be  formed  from  lymphocyte-like  cells  or 
from  larger  wandering  mononuclears. 

This  new  granulation  tissue  is  the  progenitor  of  scar  tissue.  In 
from  three  to  five  days  definite  fibrils  are  seen  running  parallel  to  the 
fibroblasts,  and  apparently  formed  by  a  transformation  of  the  cyto- 
plasm in  the  peripheral  zone  of  the  fibroblast.  At  the  same  time  the 
second  set  of  vascular  loops  show  a  thickening  of  their  inner  coat — 
a  proliferative  endarteritis — a  filling-up  of  the  lumen  and  a  gradual 
shrinkage  and  disappearance.  With  the  gradual  increase  in  numbers 
of  the  fibrils,  the  cellular  character  of  the  tissue  becomes  less  marked, 
and  in  three  or  four  weeks  both  vessels  and  cells  have  almost  entirely 
disappeared  and  have  been  replaced  by  dense  white  fibrous  tissue — 
scar  tissue  (Plate  21,  Fig.  1). 
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In  discussing  these  processes  reference  has  mainly  been  made  to 
those  changes  which  are  concerned  in  the  formation  of  new,  fibrous 
tissue,  because  they  certainly  are  the  most  pronounced  and  probably 
the  most  important  ;  but  associated  with  them  there  are  changes, 
partly  of  a  degenerative  and  partly  of  a  reparative  kind,  in  muscle, 
elastic  tissue,  epithelium,  etc.  These,  however,  will  be  more  conveni- 
ently discussed  separately  when  dealing  with  the  healing  of  special 
tissues. 

2.  The  healing  process  as  seen  in  an  ulcer:  healing 
by  granulation. — The  processes  are  essentially  the  same  as  those 
seen  in  an  incised  wound,  but  in  the  ulcer  there  ma}^  be  a  large  gap  to 
fill  up,  and  there  is  commonly  a  considerable  amount  of  damaged  tissue 
to  be  removed.  The  healing  is  a  slower  process,  and  the  degenerative 
changes,  which  go  on  side  by  side  with  the  proliferative  ones,  are  much 
more  pronounced.  The  granulation  tissue  is  always  well  developed, 
but  on  examination  it  is  seen  to  consist  of  vascular  capillary  loops  and 
a  supporting  structure  of  prohferated  and  proliferating  connective- 
tissue  cells,  which  appear  at  first  parallel  with  the  vessels,  and  at  a  later 
time  at  riglit  angles  to  them. 

In  the  later  stages  of  repair  the  connective  tissue  is  formed  in 
greater  abundance  and  in  a  more  irregular  fashion  in  an  ulcer  than 
in  an  incised  wound.  Leucocyte  emigration  and  transudation  of 
lymph  are  more  pronounced,  and  continue  throughout  the  heaHng 
process,  and,  in  consequence,  a  serous  or  a  purulent  discharge  is  a 
constant  phenomenon  and  the  granulation  tissue  often  becomes  swollen 
and  cedematous  on  account  of  the  infiltration  with  lymph. 

The  characters  of  the  granulation  tissue  vary  in  different  situa- 
tions according  to  the  character  of  the  tissue  to  be  repaired  and  accord- 
ing to  the  nature  of  the  irritant.  Thus,  in  situations  where  bone  or 
other  resistant  tissues  have  to  be  removed,  and  where  there  must  in 
consequence  be  preliminary  softening,  cells  of  a  special  type  are 
frequently  brought  into  the  field.  These  are  multinucleated  masses  of 
protoplasm,  which  are  apparently  formed  by  the  fusion  of  several 
mononucleated  phagocytes.  These  cells  may  be  found  in  any  situa- 
tion, but  they  are  specially  abundant  where  it  is  necessary  to  bring 
about  the  softening  and  removal  of  bone  and  such  resistant  tissues. 

Special  characters  due  to  the  nature  of  the  irritant  are  seen  in  cases 
of  tuberculosis  or  syphilis.  In  wounds  infected  by  the  organism  of 
either  of  these  diseases,  areas  of  caseation  and  the  presence  of  giant 
cells  which  show  a  definitely  caseous  centre  are  seen,  and  the  growth 
of  the  fibrous  tissue  may  be  considerably  modified.  The  granulations, 
too,  are  usually  flabby,  pale,  and  exuberant  in  type. 

3.  Healing  where  the  edges  of  the  wound  remain 
in  contact  and  where  sepsis  is  absent :  primary  union, 


GRANULATION-TISSUE  CELLS 


or  healing  by  first  intention. — In  these  cases,  as  in  a  clean- 
cut  ojseration  wound,  the  healing  may  be  quite  complete  in  a  few  days. 
The  changes  which  take  place  in  such  a  case  differ  only  quantitatively 
from  those  seen  in  healing  by  second  intention.  There  is  the  same 
development  of  new  vessels  and  the  same  proliferation  of  connective- 
tissue  cells  :  a  very  thin  layer  of  granulation  tissue  is  formed,  but  this 
is  identical  in  its  structure  with  that  seen  in  larger  and  more  slowly 
healing  wounds. 

THE  CELLS  OF  GRANULATION  TISSUE 
(Plate  21,  Fig.  2) 

Much  discussion  has  taken  place  as  to  the  origin  and  function  of 
the  various  cells  found  in  granulation  tissue,  and  brief  reference  must 
be  made  to  the  subject  for  a  proper  understanding  of  present-day 
literature.  The  leucocytes  of  the  blood  are  always  present  in  vary- 
ing numbers,  in  the  majority  of  instances  the  polymorphonuclear 
forms  being  considerably  in  excess  of  the  mononucleated  ones  ;  but  in 
certain  cases,  and  especially  where  the  granulation  tissue  is  infected 
with  the  organisms  of  tuberculosis  or  of  syphilis,  the  lymphocytes,  or 
at  any  rate  basophile  leucocytes  resembling  the  lymphocytes,  may 
constitute  the  vast  proportion  of  the  cells.  In  chronic  inflammatory 
conditions,  where  the  granulation  tissue  has  developed  slowly,  it  is 
common  to  find  collections  of  small  lymphocyte-like  cells — the  so- 
called  small-celled  infiltration.  According  to  Maximow,  these  cells  are 
mainly  true  lymphocytes  which  have  migrated  from  the  blood-vessels 
(Plate  22,  Fig.  1),  but  there  seems  to  be  a  considerable  amount  of 
evidence  that  many  of  them  are  derived  from  proliferation  of  the  cells 
of  pre-existing  lymphoid  tissue,  while  some,  it  is  generally  agreed,  are 
adventitious  cells  of  the  blood-vessels  and  also  proliferated  pre-existing 
connective-tissue  cells. 

It  is  very  commonly  stated  that  the  plasma  cells,  which  many 
authors  describe  as  occurring  m  connexion  with  chronic  skin  diseases 
and  syphilis,  are  present  in  greater  or  less  numbers  in  granulation 
tissue.  Much  confusion  exists  in  regard  to  these  cells  (see  p.  119), 
because  of  the  uncertainty  as  to  what  different  authors  mean  when 
they  write  about  plasma  cells.  Many  of  the  cells  described  as  such  are 
undoubtedly  lymphocytes,  while  others  are  as  certainly  proliferated 
connective-tissue  cells. 

There  can,  we  think,  be  little  doubt  that  the  endothelial  cells  lining 
lymph  spaces  and  blood-vessels  may  be  set  free  during  the  growth  of 
granulation  tissue,  may  wander  from  the  vessels,  and  may  act  as  very 
active  phagocytes. 

Clasmatocytes. — Spindle-shaped,  branching  cells,  with  irregular 
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nucleus  and  a  cytoplasm  containing  metachromatic  granules,  are 
frequently  seen,  especially  in  the  later  stages  of  granulation-tissue 
formation.  These  cells,  which  were  first  described  by  Ranvier,  are 
called  clasmatocytes,  and  some  authors  regard  the  masi  cells  of  Ehrlich 
as  belonging  to  this  class. 

Giant  cells. — Reference  has  already  been  made  to  the  presence 
of  tliese  cells  in  granulation  tissue  (p.  150). 

Fibroblasts. — These  are  the  most  important  cells  in  granula- 
tion tissue,  and  are  those  finally  concerned  in  the  healing  process, 
for  from  them  the  fibrous  tissue  is  formed.  They  are,  as  has  already 
been  stated,  derived  mainly  by  proliferative  changes  from  the  pre- 
existing connective-tissue  cells  of  the  part,  though  there  is  evi- 
dence that  some  of  them  take  origin  from  the  lymphocyte-like  and 
other  mononucleated  cells. 

The  fibroblasts,  at  first,  are  rounded  or  oval  cells  with  a  relatively 
large  vesicular  nucleus,  but  become  elongated,  spindle-shaped,  or  even 
stellate  in  appearance.  They  show  fine  fibrillcTe  projecting  not  only 
from  their  ends,  but  also  passing  directly  through  the  substance  of  the 
cell-body.  These  fibrillse  gradually  increase  in  size  and  number  until 
they  almost  completely  replace  the  cell  protoplasm,  and  eventually  the 
cell  is  represented  by  a  nucleus,  very  much  reduced  in  size,  and  a  very 
small  quantity  of  cytoplasm,  the  whole  being  surrounded  by  a  bundle 
of  fibrils  (Plate  22,  Fig.  2). 

There  are  still  differences  of  opinion  as  to  whether  these  fine  fibrils 
of  white  connective  tissue  are  formed  by  a  transformation  in  the  cell 
protoplasm,  or  whether  they  are  formed  from  the  intercellular  substance 
in  direct  apposition  to  the  cell.  The  fibrils  can  be  seen  passing  directly 
through  the  cells,  and  this  seems  to  suggest  formation  from  the  cell 
protoplasm.  There  is,  however,  considerable  evidence  that  the  inter- 
cellular substance,  at  any  rate,  shares  in  the  process.  The  fibrils 
arrange  themselves  more  or  less  regularly  in  parallel  lines,  become 
grouped  into  bundles,  and  so  constitute  the  white  connective-tissue 
fibres. 

HEALING  IN  SPECIAL  TISSUES 

Epithelial  cells. — The  epithelial  cells  near  the  edges  of 
the  wound  at  first  undergo  degenerative  changes,  but  in  from  ten  to 
twelve  hours  proliferative  changes  are  also  seen.  The  cells  become 
swollen,  the  chromatin  of  the  nucleus  becomes  aggregated  into  a  some- 
what denser  mass,  and  mitotic  figures  are  found.  New  epithelial  cells 
are  formed,  and  these  grow  in  layers  parallel  to  the  surface  of  the 
wound,  gradually  extending  over  the  surface  of  the  injured  area.  Many 
of  these  cells  in  the  earlier  stages  of  the  healing  process  become  cede- 
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Fig.  2.— Fibroblasts  in  a  healing  wound  of  seven  days.  400. 
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matous  and  undergo  degenerative  changes,  while  others  may  become 
enclosed  in  the  granulation  tissue.  As  soon,  however,  as  a  supporting 
structure  is  constituted,  the  cells  form  a  thin  pellicle,  which,  if  the 
wound  is  not  too  extensive,  develops  into  a  complete  epithelial  cover- 
ing in  from  two  to  five  days.  In  small,  shallow,  incised  wounds  the 
epithelial  covering  may  be  complete  in  forty-eight  hours,  whilst  in 
large  granulating  surfaces  months  may  be  recjuired  unless  the  process 
is  aided  by  skin-grafting.  In  healthy  wounds  a  thin  bluish-white  line 
is  seen  at  the  edges,  and  on  microscopical  examination  this  is  observed 
to  be  the  new  epithelium — at  first,  it  may  be,  only  a  few  cells  in  thick- 
ness. It  is  more  or  less  firmly  adherent  to  the  surface,  but  can  be 
rubbed  off  by  even  moderately  rough  treatment  during  the  applica- 
tion or  removal  of  dressings.  As  the  healing  process  advances,  the 
layers  of  epithelial  cells  increase  in  number,  the  cells  towards  the 
surface  become  flattened  and  cornified ;  whils.  those  in  the  deeper 
layers  are  rounded,  oval,  or  spindle-shaped,  and  it  may  be  difficult  to 
distinguish  some  of  them  from  the  fibroblasts  of  the  granulation  tissue 
on  whicli  they  rest.  The  cells  at  the  growing  margin  of  the  epithelium 
are  often  very  irregular  in  shape,  and  may  be  separated  from  one 
another  by  the  leucocytes  of  the  exudate.  When  the  covering  is  com- 
plete the  exudation  ceases  and  the  proliferative  changes  in  the  deeper 
layers  of  the  epithelium  become  very  active,  the  degenerative  ones 
being  now  absent. 

Skin-grafting. — This  subject  will  be  dealt  with  elsewhere,  and 
here  it  is  only  necessary  to  discuss  the  reactive  phenomena  which 
follow  the  transplantation  of  the  epithelial  cells — the  phenomena 
which  are  concerned  in  the  healing  jjrocess. 

In  from  twenty-four  to  thirty-six  hours  the  fragments  of  epithelium 
become  firmly  adherent  to  the  surfaces  of  the  granulations,  and  in 
forty-eight  hours  the  pale-bluish  line  of  newly  formed  epithelium  can 
be  seen.  This  new  epithelium,  spreading  from  different  centres,  soon 
coalesces,  and  so  large  areas  of  granulation  tissue  may  become  com- 
pletely covered  in  a  few  days.  Microscopical  examination  shows  that 
the  adhesion  of  the  grafts  is  brought  about  by  the  exudation  of  fibrin 
between  them  and  the  tissue  on  which  they  are  placed.  Usually  the 
growth  of  the  epithelium  is  from  the  more  active  cells  of  the  deeper 
layers,  the  more  superficial  cells  degenerating  and  being  cast  off.  The 
definite  papillary  structure  of  the  new  epithelium  may  not  be  marked 
for  several  months. 

HEALING  IN  NON-VASCULAR  TISSUES 

1.  Repair  of  wounds  of  the  cornea. — If  the  wound  involves 
only  the  superficial  epithelial  layers,  repair  takes  place  by  a  prolifera- 
tion of  the  cells  at  the  margin  of  the  wound,  the  condition  being  quite 
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analogous  to  the  repair  of  epithelium  in  any  other  situation.  In  from 
twenty-four  to  forty-eight  hours  the  new  epithelium  may  have  formed 
a  complete  covering. 

If  the  wound  is  deeper  and  involves  the  fibrous-tissue  lamellfe, 
marked  proliferative  changes  are  seen  in  the  corneal  corpuscles.  These 
act  as  fibroblasts  and  send  their  processes  into  the  lymph  which  has 
temporarily  glued  the  surfaces  together.  The  cells  are  arranged 
parallel  with  the  lamellae  ;  and  by  them,  without  the  intervention  of 
vascular  proliferation,  the  union  of  the  surfaces  is  brought  about. 
The  anterior  epithelial  layer  also  proliferates,  and  usually  overlaps  the 
edges  of  the  wound  for  a  certain  distance,  forming  a  kind  of  plug  in 
its  upper  part.  In  some  cases  the  polymorphonuclear  cells  may  ha*ve 
wandered  to  the  site  of  injury,  and  may  be  found  in  the  lymph  or 
between  the  epithelial  cells  or  the  corneal  corpuscles. 

If  the  wound  has  reached  the  anterior  chamber,  the  inner  layer 
of  epithelium  also  proliferatss,  and  in  three  or  four  days  the  wound  is 
filled  with  a  mass  of  connective  tissue,  derived  from  the  proliferated 
corneal  corpuscles,  and  covered  on  each  side  by  several  layers  of 
epithelium.  In  from  six  to  eight  days  the  superficial  epithelium  and 
Descemet's  membrane  are  completely  restored,  and  the  new  connective 
tissue  has  become  more  definitely  fibrous,  whilst  in  ten  days  to  a  fort- 
night the  connective-tissue  fibrillse  are  well  formed,  and  an  opaque 
scar  is  the  only  sign  of  the  original  wound.  If  the  wound  becomes 
infected,  more  extensive  reparative  changes  are  seen  ;  leucocyte  emi- 
gration from  the  conjunctival  or  episcleral  vessels  is  a  marked  feature, 
and  in  the  healing  process  new  vessels  grow  in  from  the  sclerotic  and 
pass  right  up  to  the  corneal  wound.  Granulation  tissue  similar  to 
that  which  occurs  constantly  in  vascular  tissues  is  formed ;  purulent 
exudate  may  appear  in  the  anterior  chamber ;  and  the  iris  frequently 
becomes  adherent  to  the  corneal  surface,  or  it  may  even  become 
entangled  in  the  wound.  Fibrous-tissue  union  is  eventually  formed, 
and  the  scar  produced  may  be  large  and  very  opaque. 

2.  Repair  of  cartilage. — Wounds  in  cartilage  usually  heal 
very  slowly  and  very  imperfectly.  A  clean-cut,  incised  wound  which 
is  aseptic  may  heal  by  direct  union  of  the  opposing  surfaces  of  the 
cartilage  without  manifesting  any  of  the  usual  reactive  phenomena 
of  inflammation. 

Union,  however,  of  large  wounds  is  always  by  connective  tissue, 
this  being  derived  by  proliferation  from  the  perichondrium.  Even 
this  method  of  union  may  take  several  weeks  or  months  before  it  is 
complete.  Small  islets  of  cartilage  are  sometimes  found  in  this  con- 
nective tissue,  and  there  seems  little  doubt  that  the  fibrous  tissue 
formed  in  the  healing  process  may  become  transformed  into  cartilage, 
though  this  metaplasia  is  generally  very  incomplete. 
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Evidence  of  actual  proliferation  of  the  cartilage  cells  at  tlie  edoes 
of  the  wound  can  sometimes  be  observed. 

REPAIR  OF  ELASTIC  TISSUE 

The  re-formation  of  elastic  tissue  is  always  imperfect,  but  new 
fibres  are  formed  in  the  heaUng  of  wounds  in  situations  in  which  elastic 
tissue  is  normally  present.  Fine  fibrillte  can  be  seen  projecting  from 
the  older  strands  at  the  edges  of  the  wound,  but  it  has  not  been  satis- 
factorily demonstrated  whether  these  fibres  are  new  formations  from 
the  bodies  of  cells  or  whether  they  are  merely  outgrowths  from  the 
old  fibres.  Milne,  dealing  with  the  healing  of  wounds  in  the  liver, 
states  that  "  in  certain  areas  a  re-formation  of  elastic  tissue  has  occurred, 
as  there  are  far  more  elastic  fibres  than  could  possibly  be  derived 
from  any  mechanical  aggregation  or  transposition  of  normal  struc- 
tures ;  further,  they  do  not  present  the  appearances  of  degeneration 
products.  From  six  weeks  till  two  months  this  patchy  distribution  of 
elastic  tissue  is  maintained,  but  its  elements  have  extended  farther 
and  are  somewhat  coarser.  In  incisions  of  three  to  four  months' 
duration,  although  there  still  are  large  areas  of  connective  tissue  con- 
taining no  elastic  structure,  yet  there  has  also  been  a  very  extensive 
deposition  of  elastic  tissue  which  intersects  the  fibrous  strands  through 
very  widely  distributed  areas." 

Further,  he  states  that  "  a  very  considerable  new  formation  of 
elastic  tissue  takes  place  in  the  liver.  Tlie  new  formation  always 
occurs  in  greater  proportion  in  the  fibrous-tissue  healing  of  wounds 
which  have  always  been  aseptic  or  in  the  reparative  processes  round 
necrotic  areas,  than  in  the  repair  of  those  which  have  been  of  an 
infective  type.  The  new  elastic  formation  appears  to  be  derived 
from  some  pre-existing  focus." 

Dawson  says  that  the  elastic  fibres  found  in  the  granulation 
tissue  in  wounds  arise  from  a  dissociation  into  fibrils  of  the  pre-existiug 
fibres.  This  is  brought  about  by  the  exudation  and  the  cell  infiltra- 
tion."" This  splitting  up  is  apparently  only  a  preliminary  stage  to 
atrophy  and  solution. 

The  first  new  fibres  arise,  according  to  this  author,  as  lateral  pro- 
jections from  the  pre-existing  fibres  at  the  borders  of  the  wound,  these 
new  fibres  running  parallel  with  the  connective- tissue  cells  and  break- 
ing up  into  branches  which  encircle  the  cells.  He,  however,  jsoints  out 
that  in  scar  tissue  the  very  close  relationship  of  the  fibres  to  the  cells, 
and  the  fact  that  the  more  delicate  ones  are  in  contact  with  the  cell- 
border,  whilst  the  thicker  ones  are  farther  out  from  the  cell,  certainly 
suggest  a  definite  formation  of  fibres  from  the  cells.  The  arrange- 
ment of  the  elastic  tissue  in  walls  of  thickened  arteries  is  also 
strongly  sviggestive  of  this  latter  view. 
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REPAIR  IN  FATTY  TISSUE 

During  the  processes  of  healing,  much  of  the  fatty  tissue  becomes 
transformed  into  mucoid  or  mxyomatous  tissue,  though  many  of  the 
fat  cells  may  remain  unaltered  in  the  wound  for  a  considerable  time. 
At  certain  areas  there  are  always  to  be  seen  collections  of  lymphocyte- 
like cells — the  lymphocytes  and  plasma  cells  of  some  authors,  or  the 
polyblasts  of  Maximow.  We  think  it  probable  that  some  of  these 
cells  may  become  transformed  into  fat  cells.  Maximow  holds  that  of 
his  polyblasts  the  clasmatocyte-like  cells  and  the  adventitious  cells 
are  the  ones  which  are  more  particularly  transformed  into  fat  cells. 

REPAIR  OF  MUSCULAR  TISSUE 

Unstriated  muscle. — Though  regeneration  of  this  typs  of 
muscle  by  division  of  pre-existing  muscle  cells  must  be  admitted, 
and  though  in  certain  areas — e.g.  in  the  middle  coat  of  arteries  in 
healing  wounds — the  formation  of  new  muscle  fibres  is  considerable, 
yet,  as  a  general  rule  in  wounds,  the  healing  is  almost  entirely  accom- 
plished by  connective  tissue.  Multiplication  of  muscle  fibres  is  seen 
in  enlargements  of  the  uterus  or  in  hypertrophy  of  the  muscular  tissue 
of  the  stomach  or  intestine  ;  but  recent  work  seems  to  show  that 
this  new  formation  is  comparatively  unimportant,  the  enlargement 
being  mainly  a  Irue  hypertrophy  of  the  individual  fibres. 

Heart  muscle. — Again,  there  seems  no  doubt  that  though  the 
muscle  fibres  may  undergo  definite  proliferation,  the  nuclei  of  the  cells 
showing  evidence  of  mitotic  division,  yet  healing  is  always  brought 
about  by  the  formation  of  fibrous  tissue. 

Striated  muscle. — In  clean-cut  and  small  incised  wounds,  or 
in  cases  where  only  a  small  portion  of  muscular  tissue  is  destroyed, 
there  seems  to  be  complete  regeneration  of  the  muscle  ;  at  any  rate, 
it  is  impossible  to  make  out,  even  microscopically,  any  evidence  of 
the  original  injury.  Where,  however,  larger  amormts  of  muscle  are 
injured  or  destroyed,  union  always  takes  place  by  fibrous  tissue 
(Plate  23,  Fig.  1),  though  there  is  usually  some  evidence  of  muscular 
regeneration.  Though  the  healing  is  thus  anatomically  imperfect, 
it  may  be  fmctionally  good.  If,  however,  the  original  wound  has 
been  extensive,  there  is  very  commonly  contraction  of  the  scar 
tissue,  and  contractures  and  deformities  may  result.  Microscopical 
examination  shows  that  degenerative  changes  are  very  marked 
in  the  muscle  at  the  edges  of  the  wound,  and  that  the  muscle 
fibres  become  surrounded  by  granulation  tissue.  The  sarcolemma 
nuclei  undergo  definite  and  often  very  marked  proliferative  changes  ; 
the  new  cells  thus  produced  are  phagocytic,  and  contain  the  remains 
of  the  muscle  substance.    Here  and  tliere  among  these  cells  may 
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be  seen  one  which  has  apparently  surrounded  itself  with  sarcoplasm, 
suggesting  an  attempt  at  re-formation  ;  whilst  at  other  parts  leuco- 
cytes, red  blood-corpuscles,  and  other  cells  which  have  penetrated 
into  the  sarcolemma  sheaths  are  seen. 

Around  the  degenerating  muscle  fibres  there  is,  according  to 
Dawson,  a  very  active  proliferation  of  the  cells  of  the  endomysium 
and  of  the  capillary  endothelium,  and  thus  the  tubes  filled  with  cells 
which  replace  the  degenerated  muscle  fibres  are  surrounded  by  a 
meshwork  of  branching  fibroblasts  and  numerous  young  blood-vessels. 

Multinucleated  masses  of  protoplasm  are  also  seen,  formed  appar- 
ently by  division  of  the  nuclei  of  the  cells  of  the  sarcolemma  without 
division  of  the  cytoplasm.  These  are  regarded  as  muscle  giant  cells, 
and  they  are  intensely  phagocytic  to  the  muscle  substance  and  also 
to  other  cells.  The  muscle  fibres  in  which  degeneration  is  not  so 
marked  frequently  show  multinucleated,  swollen  ends,  and  it  may 
be  difficult  to  distinguish  those  from  the  muscle  giant  cells.  Dawson 
states  that  the  end  stumps  can  be  recognized  as  elements  of  regenera- 
tion, and  must  be  regarded  as  the  muscle  ""  buds  ''  of  Neumann.  Again, 
in  certain  parts  of  the  wound  he  finds  muscle  fibres  dissociated  into 
fibrils.  This  fissuring  has  in  many  cases  every  sign  of  a  degenerative 
splitting-up  of  the  fibre  into  its  constituent  fibrils.  From  other  fibres, 
however,  either  from  the  sides  or  from  the  ends,  long,  narrow,  spindle- 
shaped  portions  with  elongated  nuclei  break  oft'.  In  the  sm'rounding 
tissue  can  be  traced  all  transitions  from  these  to  long  ribbon  forms  with 
many  nuclei,  which  later  become  new  muscle  fibres.  These  new  muscle 
fibres,  however,  seem  comparatively  unimportant  functionally,  and 
muscularization  of  a  scar  can  only  take  place  to  a  very  limited  extent. 
^^'ith  increasing  condensation  of  the  scar  tissue  even  these  new  muscle 
fibres  to  a  great  extent  atrophy. 

REPAIR  IN  TENDONS 

If  the  cut  ends  of  a  tendon  are  brought  into  strict  apposition, 
du'ect  union  seems  possible,  and  the  healing  is  perfect,  both  anatomi- 
cally and  functionally. 

If  the  apposition  is  less  perfect,  a  mass  of  granulation  tissue  will 
foim  between  the  separated  ends.  The  cells  of  this  are  largely  derived 
from  the  connective-tissue  sheath  of  the  tendon,  the  cells  of  this  sheath 
showing  definite  proliferative  changes  in  forty-eight  hours.  This 
granulation  tissue  becomes  gradually  less  cellular  ;  eventually  a  dense 
connective-tissue  scar  unites  the  two  ends.  The  true  tendon  cells 
also  give  evidence  of  proliferation,  but  at  a  much  later  period  (four 
or  five  days)  than  the  cells  of  the  peritendinous  connective  tissue.  The 
scar  tissue  gradually  contracts  and  becomes  so  dense  that  it  is  diffi- 
cult to  distinguish  it  from  the  original  structure  of  the  tendon.  With 
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this  contraction  tliere  is  usually  absorption  of  the  surplus  tissue  which 
has  been  formed  during  the  healing ;  and  in  this  way  the  tendon 
may  become  quite  free  in  its  sheath.  Sometimes,  and  especially  if 
the  womid  has  been  septic,  dense  adhesions  may  be  left  between  the 
tendon  and  its  sheath,  and  thus  serious  interference  with  movpment 
may  occur.  The  time  required  for  complete  healing  of  a  tendon  varies. 
If  strictly  aseptic,  two  to  three  weeks  may  suffice,  but  if  sepsis  occurs 
there  may  be  considerable  delay. 

REPAIR  OF  BONE 

In  simple  fracture  of  bone  there  is  either  separation  or  laceration 
of  the  periosteum,  and  there  is  always  more  or  less  blood  extravasation, 
the  blood  accumulating  between  the  fractured  ends.  Within  forty- 
eight  hours  the  endothelial  cells  of  the  blood-vessels  become  swollen, 
and  leucocyte  emigration  is  well  marked.  Both  in  and  around  the 
blood-clot  these  leucocytes,  together  with  cells  which  have  been 
derived  by  proliferation  from  the  periosteum,  are  found.  At  the 
same  time  newly  formed  vessels,  derived  from  the  pre-existing  vessels 
of  the  periosteum,  are  seen  passing  into  this  new  cellular  tissue.  Thus 
is  produced  a  mass  of  granulation  tissue  which  unites  the  two  ends 
of  the  fractured  bone  and  also  forms  under  the  periosteum  a  sheath 
which  encircles  the  bone.  In  this  granulation  tissue  the  cells  are  either 
spindle  or  very  irregular  in  shape,  and  amongst  them  are  a  greater 
or  lesser  number  of  ■  larger  cells  with  numerous  nuclei,  often  collected 
near  the  centre  and  resembling  the  osteoblasts  of  normal  bone-forma- 
tion. The  cells  lie  in  a  matrix  which  at  parts  is  homogeneous  in 
structure  and  at  other  parts  more  or  less  fibrous.  In  four  or  five  days 
the  matrix  becomes  denser  in  structure,  and  the  cellular  character  is 
lessened.  This  "  osteoid  "  tissue,  as  it  is  called,  becomes  ultimately 
changed  to  bone,  the  ossification  starting  in  the  deeper  layers  and 
bony  trabeculse  which  are  being  formed  in  continuation  with  the  outer 
layers  of  the  original  bone.  Side  by  side  with  this  new  formation, 
absorption  and  modelling  go  on  ;  in  fact,  the  changes  which  take 
place  during  ossification  are  exactly  similar  to  those  seen  during  the 
normal  processes  of  bone-formation. 

By  successive  deposits,  large  masses  of  this  new  bone — callus — 
are  formed.  Part  of  this  becomes  an  ensheathing  mass  ;  part  of  it 
is  found  in  the  medullary  canal  {internal  callus)  ;  and  the  smallest 
part,  if  the  apposition  of  the  bones  has  been  well  maintained,  forms  an 
intermediate  callus,  uniting  the  two  broken  fragments.  During  this 
formation  of  callus  it  has  been  shown  that  there  is  always  more  or  less 
cartilage  formed,  and  in  this  cartilage  eventually  ossification  occurs. 

The  amount  of  callus  produced  is  very  variable,  and  depends  on 
the  condition  of  the  bone  at  the  site  of  fracture,  on  the  size  of  the 
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bone,  and  on  tlie  nature  of  the  injury.  In  fracture  of  the  sliafts  of  long 
bones  the  amount  of  callus  formed  is  considerable,  whereas  in  fracture 
of  the  cranial  bones  very  little  callus  can  be  detected.  Repair  of 
fractures  of  the  epiphyseal  ends  of  bones  is  usually  unaccompanied 
by  much  callus.  Where  the  ends  of  the  bones  are  not  accurately  in 
apposition  there  may  be  a  considerable  amount  of  callus,  and  in  some 
cases  the  jjroportion  of  fibrous  tissue  to  bone  is  so  excessive  that  bony 
union  is  prevented. 

Compound  fractures  lieal  in  the  same  manner  as  that  described, 
but  if  infection  of  the  wound  has  taken  place  the  union  may  be  con- 
siderably delayed,  and  not  uncommonly  necrosis  of  portions  of  the 
bone  may  occur. 

In  all  forms  of  bony  union  the  callus  which  is  formed  is  usually  more 
abundant  than  is  necessary  for  the  purposes  of  repair  ;  but  this  excess 
is  gradually  absorbed.  It  is  generally  agreed  that  the  absorption  is 
brought  about  by  large  multinucleated  cells,  known  as  osteoclasts, 
though  some  authors  regard  the  absorj^tion  as  an  atrophic  or  regressive 
change  which  takes  place  quite  independently  of  these  large  multi- 
nucleated cells. 

In  the  closing  of  cavities  in  bone — e.g.  trephine  wounds — the  re- 
placed bone  acts  merely  as  a  scaffold,  and  as  the  granidation  tissue  or 
osteoid  tissue  gradually  grows  into  it  from  the  periosteum  and  from 
the  bone  at  the  edges  of  the  wound,  it  is  slowly  absorbed.  The 
healing  process  is  thus  identical  with  that  described  for  fractures. 

HEALING  IN  VESSELS 

The  processes  which  take  place  are  exactly  alike,  whether  the 
wound  be  a  small  punctm'ed  one,  or  one  in  which  the  vessel  is  com- 
pletely severed.  In  the  latter  case  the  haemorrhage  may  be  stopped 
by  the  retraction  of  the  ends  of  the  vessel  causing  a  narrowing  of  its 
lumen,  by  the  curled-up  inner  layers  forming,  as  it  were,  a  plug  in 
the  lumen,  or  artificially  by  pressm-e.  Thrombosis  in  all  cases  is  the 
first  stage  in  repair.  This  thrombus,  which  is  formed  at  first  by  an 
aggregation  of  blood  platelets,  to  which  red  blood-corpuscles,  leucocytes, 
and  fibrin  are  added  later,  may  be  very  small,  or  it  may  occupy  a  vary- 
ing length  of  the  lumen  of  the  vessel.  The  endothelial  lining  of  the 
vessels  undergoes  proliferative  changes,  and  may  grow  over  the  throm- 
bus, isolating  it  from  the  general  hunen  of  the  vessel.  If  the  thrombus 
is  small  and  parietal,  it  may  become  completely  covered  by  this  endo- 
thelial growth  and  the  liunen  of  the  vessel  be  again  made  quite  patent. 
Some  authorities  maintain  that  the  endothelium  grows  into  the  clot 
and  is  actually  the  progenitor  of  the  fibrous  tissue  by  which  the 
tlirombus  is  eventually  replaced.     With  this  view  I  cannot  agree. 
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The  organization  of  the  thrombus  is  brought  about  exactly  in  the  same 
manner  as  the  healing  in  an  incised  wound.  After  a  few  days  there 
is  an  acute  proliferation  of  the  connective-tissue  cells  of  the  intima, 
and  also,  it  may  be,  of  the  media  ;  young  capillary  loops  are  formed, 
and  these  can  be  traced  to  the  vasa-vasorum,  from  which  they  un- 
doubtedly arise.  Thus  there  is  formed  a  cellular  granulation  tissue 
which  brings  about  absorption  of  the  blood-clot  (Plate  23,  Fig.  2), 
and  which  later  becomes  fibrous.  The  fibroblasts  formed  during  the 
process  are  smaller,  and  possess  more  branches,  than  those  seen  in 
the  ordinary  conditions  of  wound-healing.  In  this  granulation  tissue 
there  is  usually  formed  a  considerable  amount  of  elastic  tissue. 

If  the  thrombus  is  small,  the  healing  may  be  so  complete  that  the 
only  evidence  of  it  is  a  small  fibrous  scar.  Where,  however,  it  is  in  a 
large  vessel  the  process  of  vascularization  is  usually  incomplete,  and 
its  more  central  part  tends  to  degenerate — to  become  fatty  or  even 
calcareous. 

REPAIR  OF  NERVOUS  TISSUE 

In  the  brain  and  the  spinal  cord  after  injury  there  is  a  certain 
amount  of  proliferation  of  the  various  nerve  cells  and  fibres,  as  evi- 
denced by  mitosis  ;  but  these  reparative  changes  are  very  imperfect. 
The  damaged  tissue  becomes  softened  and  absorbed,  and  the  filling- 
up  of  the  defect  is  mainly  brought  about  by  a  fibrous-tissue  hyper- 
plasia. This  fibrous-tissue  overgrowth  is  not  a  marked  feature,  and 
the  cells  which  bring  it  about  are  derived  mainly  from  the  connective- 
tissue  framework  of  the  brain. 

In  experiments  on  animals  this  imperfect  repair  has  been  clearly 
demonstrated.  Shortly  after  the  womids  are  inflicted,  well-marked 
mitoses  and  other  evidences  of  proliferative  growth  are  seen  both  in 
the  nerve  cells  and  in  the  connective-tissue  framework  ;  but  in  about 
ten  days  the  mitoses  are  not  demonstrable,  and  there  is  distinct  evidence 
of  destruction  of  the  nerve  elements,  with  replacement  of  them  by 
granulation  tissue  derived  from  the  connective  tissue  around  the 
vessels. 

Partial  fmictional  restoration  has  been  recorded  in  a  few  cases  of 
complete  transverse  lesion  of  the  spinal  cord  after  prompt  union  of 
th<:  separated  ends  by  suture.  Though,  therefore,  it  must  be  admitted 
that  restoration  of  nerve  fibres  may  take  place,  still  in  the  vast  pro- 
portion of  cases  this  new  formation  is  very  imperfect  and  does  not 
usually  supply  any  functional  loss. 

If  the  wound  in  the  brain  becomes  infected,  a  hernia  cerebri  is 
formed,  composed  of  granulation  tissue  containing  necrotic  nerve-cells 
and  fibres. 

In  peripheral  nerves,  however,  the  reparative  processes  are 
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definite.  If  the  continuity  of  the  nerve  is  interrupted,  secondary 
degeneration  occurs  throughout  the  entire  peripheral  part,  which  has 
been  severed  from  its  trophic  nerve-cells.  The  myelin  breaks  up  in 
droplets  and  the  axis  cylinders  disintegrate.  The  nuclei  of  the  neuri- 
lemma undergo  proliferation.  Following  the  degeneration,  if  the  con- 
tinuity of  the  parts  be  preserved,  in  favourable  circumstances  repair 
or  regeneration,  complete  or  incomplete,  may  occur.  As  to  the 
method  by  which  regeneration  is  brought  about,  there  is  still  some 
uncertainty,  difierent  views  being  held  as  to  whether  the  repair 
starts  from  the  distal  end  of  the  central  or  upper  portion,  or  from  the 
proximal  end  of  the  peripheral  part.  For  convenience,  we  shall  speak 
of  the  former  as  the  "  central "  and  the  latter  as  the  peripheral  " 
end  of  the  divided  or  injured  nerve. 

According  to  those  who  accept  the  central  theory,  the  repara- 
tive process  starts  from  the  cut  end  of  the  proximal  or  central  portion 
of  the  severed  nerve.  Either  the  original  nerve-fibres,  they  maintain, 
grow  downwards  into  the  peripheral  segment ;  or  a  number  of  young 
axis  cylinders  are  formed  by  division  of  each  original  axis  cylinder 
at  the  first  node  of  Ranvier  above  the  point  of  injury.  These  young 
axis  cylinders  grow  downwards  mto  the  original  neurilemma  sheaths, 
or  fresh  neurilemma  sheaths  may  be  formed  from  the  proliferated 
neurilemma  nuclei.  This  corresponds  practically  with  the  embryonic 
method  of  development,  where  the  axis  cylinder  grows  directly  down- 
wards from  a  ganglion  cell. 

The  second  or  peripheral  theory  has  received  the  support  of 
several  workers  on  the  subject,  including  Kennedy,  Ballance,  and 
Purves  Stewart.  Stated  very  briefly,  the  view  which  they  maintain 
is  tliat  the  peripheral  segment  of  a  divided  nerve  degenerates  com- 
pletely. This  degeneration  begins  in  a  few  hours  after  the  injury,  and 
is  nearly  complete  in  from  three  to  four  weeks.  In  the  old  sheath, 
neurilemma  cells  proliferate,  become  arranged  in  regular  columns,  and 
act  as  neuroblasts  or  nerve  formative  cells.  While  the  degeneration 
is  active,  these  cells  of  the  sheath  of  Schwann  show  proliferative 
changes,  and  may  be  found  between  the  myelin  drops.  They  act  as 
pliagocytes  to  the  myelin  and  to  the  axis  cylinders.  Close  to  the 
nucleus  of  the  neuroblast,  a  young,  somewhat  wavy  axis  cylinder  is 
developed,  which  soon  becomes  separated  from  the  nucleus.  Round 
this  axis  cylinder  a  delicate  myelin  sheath  is  formed,  the  remaining 
neuroblasts  formmg  the  new  neurilemma  sheath.  The  young  axis 
cylinders  join  end  to  end  to  form  more  or  less  continuous  chains,  but 
do  not  undergo  full  development  until  they  have  become  united  to 
the  central  end  of  the  nerve.  These  observers  further  state  that  the 
existing  axis  cylinders  at  the  central  end  play  an  entirely  passive  part 
until  they  become  joined  to  the  new  peripherally  formed  fibres. 
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Fleming,  who  supports  tliis  peripheral  theory,  maintains,  how- 
ever, that,  in  addition,  new  axis  cylinders  are  formed,  at  the  central 
end  of  the  divided  nerve,  from  the  old  axis  cylinders. 

That  the  central  ends  of  the  old  axis  cylinders  swell  and  give  off 
a  number  of  much  finer  fibres  seems  to  us  definitely  proved.  These 
extend  through  the  cells  which  line  and  occupy  the  sheath  of  Schwann, 
and  apparently  joui  either  with  the  old  fibres,  if  these  are  not  too  far 
distant,  or  with  the  new  fibres  which  have  been  formed  from  the 
neuroblasts  as  described  above.  Divided  nerves — e.g.  those  occur- 
ring in  amputations— may  at  their  ends  show  some  proliferation  of 
the  fibres,  but  the  thickenings  which  occur  so  frequently  on  them — the 
so-called  neuromas — are  usually  masses  of  granulation  tissue  entangling 
the  nerve  fibres. 

For  complete  restoration  of  the  physiological  function  of  a  divided 
nerve,  at  least  three  or  four  months  will  be  required.  Sensation  is 
restored  before  the  power  of  movement  of  the  muscles  is  affected. 
This  is  probably  in  part  due  to  the  fact  that  the  function  of  the 
muscle  which  has  been  lost  through  the  degenerative  changes  follow- 
ing the  nerve  injury  takes  some  time  to  return  even  after  the  nerve 
healing  is  complete. 

REPAIR  OF  WOUNDS  IN  THE  HOLLOW  VISCERA 

Wounds  of  the  stomach  and  intestine  are  frequently  com- 
plicated by  escape  of  the  contents  into  the  peritoneal  cavity  and  the 
production  of  a  localized  or  a  wide-spreading  peritonitis.  If,  how- 
ever, there  is  no  escape  of  the  contents,  and  especially  if  the  peritoneal 
surfaces  become  inverted  and  opposed  to  one  another — as  in  suturing 
in  operations  on  the  intestinal  tract — ^rapid  union  takes  place,  and 
in  a  few  hours  there  may  be  definite  adhesion  between  the  serous 
surfaces. 

Microscopical  examination  shows  that  this  "  gluing  together " 
is  brought  about  by  fibrin  and  leucocytes  which  have  accumulated 
as  a  thin  layer  between  the  apposed  surfaces.  The  endothelial 
cells  of  the  peritoneal  covering  swell  and  may  become  oval  or  cylin- 
drical in  form.  Organization  of  the  fibrinous  layer  takes  place,  and 
the  granulation  tissue  formed  becomes  converted  into  a  fibrous-tissue 
scar.  The  endothelial  covering  is  restored  by  a  growth  from  the  pre- 
existing endothelial  cells. 

On  microscopical  examination  some  mitosis  of  the  muscle  fibres  is 
usually  seen,  but  formation  of  new  muscle  fibres  takes  place,  if  at  all, 
only  to  a  very  slight  extent.  Restoration  of  the  mucous  membrane  is 
brought  about  from  growth  at  the  margins  of  the  wound — even  the 
glands  may  be  completely  restored. 

If  the  wounds  are  very  extensive  there  may  be  a  considerable 
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amount  of  cicatricial  contraction  of  the  scar  tissue,  and  stenosis, 
more  or  less  severe,  may  result. 

Repair  in  the  gall-bladder  and  the  urinary  bladder  and 

ureters  is  brought  about  by  the  same  processes  as  those  concerned 
in  repair  of  the  stomach  and  the  intestine.  Complete  union  may  have 
taken  place  in  from  ten  to  fom'teen  days. 

REPAIR  IN  THE  SOLID  VISCERA 

liiver. — In  young  animals  one-half  or  three-fourths  of  the  liver 
can  be  removed,  and  definite  regeneration  takes  place,  the  liver  even- 
tually being  restored  to  its  normal  size.  In  the  human  subject  such 
extensive  repair  is  probably  not  possible,  but  there  is  abundant  evidence 
that  extensive  regeneration  may  take  place.  This  new  formation  of 
liver  tissue  is  particularly  seen  in  cases  in  which  there  has  been  wide- 
spread destruction — e.g.  in  cirrhosis,  in  subacute  3^ellow  atrophy,  in 
chronic  venous  congestion,  in  cancer,  etc.  The  new  areas  are  gener- 
ally composed  of  large  or  somewhat  irregularly  shaped  cells,  closely 
packed  together  and  very  often  presenting  double  nuclei.  According 
to  Milne,  this  regeneration  results  from  a  proliferation  of  the  liver  cells 
directly,  and  with  no  transition  in  type  of  cell ;  and,  further,  this 
regenerative  capacity  is  specially  manifested  in  those  cells  which 
occupy  the  outer  zones  of  the  lobules.  The  multiplication  of  the  liver 
cell  is  usually  by  direct  division,  though  karyomitotic  division  some- 
times occurs. 

It  is  generally  held  that  in  this  reparative  process  the  bile-duct 
and  the  interstitial  connective  tissue  also  proliferate.  According  to 
Milne,  the  numerous  "  bile-duct-like  "  structures  which  are  seen  in 
connexion  with  destructive  and  reparative  conditions  in  the  liver, 
especially  m  those  cases  in  which  fibrous  tissue  is  being  laid  down,  are 
not  really  new  ducts,  but  "  a  becoming  evident  of  the  delicate  normal 
bile-conducting  channels  which  extend  between  the  liver  cells  and  the 
interlobular  bile-ducts."  He  further  states  that  when  these  structures 
become  exposed  in  granulation  tissue,  their  lining  cells  swell  and 
become  more  evident,  and  assume  a  definitely  cubical  shape.  Experi- 
mentally, these  ducts  become  conspicuously  evident  in  about  four 
or  five  days  as  tubes  lined  by  a  somewhat  thin,  flattened  epithelium  ; 
but  in  ten  days  the  epithelium  is  definitely  cubical  m  shape.  These 
lining  cells  sometimes  multiply  locally,  but  they  never  reproduce  cells 
with  any  close  resemblance  to  liver  cells. 

In  wounds  of,  or  incisions  into,  the  Uver,  especially  if  these  are 
not  extensive,  healing  takes  place  by  the  formation  of  fibrous  tissue, 
but  even  in  these  cases  some  regeneration  of  the  liver  tissue  may  be 
seen  at  the  peripheral  parts  of  the  wound.    (Plate  24.) 

Spleen.— Repair  in  the  spleen  is  only  observed  after  small  tears  or 
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wounds,  larger  wounds  giving  rise  to  rapidly  fatal  hsemorrhage.  There 
appears  to  be  no  evidence,  either  experimentally  or  in  cases  observed 
in  the  human  subject,  that  new  splenic  tissue  is  formed.  The  blood- 
clot  which  fills  up  the  ga])  in  the  organ  becomes  organized.  The  granu- 
lation tissue  which  is  formed  becomes  fibrous,  contracts,  and  a  con- 
nective-tissue scar  is  produced. 

Kidney.- — Wounds  in  the  kidney  heal  by  granulation.  A  clot 
of  blood  is  formed  between  the  cut  surfaces,  and  into  this  leucocytes 
and  other  cells  pass.  New  vessels  are  formed  from  the  pre-existing 
ve&'sels,  and  thus  a  layer  of  granulation  tissue  forms  and  unites  the 
two  cut  surfaces.  A  fibrous-tissue  scar  is  the  final  result  of  the  heal- 
ing process.  Fibrous  glomeruli  can  usually  be  seen  in  this  scar,  the 
fibrous  tissue  having  invaded  the  kidney  tissue  lying  adjacent  to 
the  wound.  Apparently  a  certain  amount  of  regeneration  of  the 
collecting  tubules  can  take  place,  but  the  secreting  tubules  seem 
incapable  of  re-formation.  There  is  generally  necrosis  of  the  cells  of 
the  tubes  of  this  type,  which  are  lying  close  to  the  wound,  while 
those  farther  removed  may  show  atrophic  changes,  the  epithelium 
having  undergone  regressive  changes  with  the  production  of  a  low, 
flat  epithelium. 

Repair  after  decapsulation. — Decapsulation  as  a  method  of 
treatment  for  chronic  nephritis  has  been  strongly  recommended  by 
various  surgeons.  Edebohls  holds  that  a  new  capsule  is  formed,  and 
that  during  its  formation  new  vessels  pass  into ,  the  substance  of  the 
kidney  and  thus  increase  its  blood  supply.  It  is  possible  that  in 
the  early  stage  of  the  formation  of  this  new  capsule  there  may  be  an 
increased  vascular  supply  to  the  superficial  parts  of  the  kidney  ;  but 
later  these  vessels  contract  or  become  obliterated  by  fibrous-tissue 
overgrowth,  and  the  new  fibrous  tissue  extends  into  the  kidney.  From 
a  pathological  study  of  the  condition  there  seems  to  me  no  doubt  that 
repair  takes  place  after  decapsulation,  but  that  the  subsequent  cica- 
tricial tissue  which  is  of  necessity  formed  renders  the  procedure  of  no 
permanent  value. 

REPAIR  OF  THE  UTERUS  AND  FALLOPIAN  TUBES 

Wounds  of  the  muscular  wall  of  the  uterus  and  of  the  Fallopian 
tubes  heal  by  the  formation  at  first  of  granulation  tissue,  but  at  a 
later  period  there  is  certainly  regeneration  of  muscle  fibres,  and  in 
small  wounds  it  may  be  impossible  in  a  few  months  to  detect  any 
evidence  of  a  scar.  In  larger  wounds,  however,  the  fibrous-tissue  scar 
is  always  evident. 

The  mucous  membrane,  after  curetting,  regenerates  completely, 
the  connective  tissue  and  vessels  being  formed  rapidly  as  granulation 
tissue,  the  glandular  part  being  reproduced  from  remnants  of  the 
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glandular  tissue  left  iu  the  deep  muscular  layers.  It  is  also  possible 
that  the  regeneration  of  the  glands  of  the  endometrium  may  take 
place  from  small  fragments  of  the  mucous  membrane  which  have  not 
been  removed. 
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By  G.  LENTHAL  CHEATLE,  C.B.,  F.R.C.S. 

Definition. —  Suppuration  is  tlie  term  applied  to  that  process 
in  which  an  external  excitant  and  living  tissues  act  upon  one  another 
to  cause  death  of  tissue,  emigration  of  leucocytes,  and  exudation  of 
serum.  When  these  things  have  occurred  suppuration  has  taken 
place,  and  the  fluid  which  collects  in  the  centre  of  the  lesion  is 
called  fus. 

It  may  be  said  at  once  that  the  external  excitant  is  practically 
always  a  micro-organism,  and  that  the  process  of  suppuration  is  con- 
cerned in  the  attempt  on  the  part  of  the  host  to  secure  for  itself 
immunity,  upon  which  its  recovery  ultimately  depends. 

Clinical  types. — Suppuration  may  be  acute,  subacute,  or 
chronic.  An  acute  suppuration  develops  within  about  seven  days, 
or  even  less  ;  a  chronic  suppuration  develops  in  one  or  more  months  ; 
while  a  subacute  suppuration  matures  in  the  intermediate  periods. 
These  are  terms  of  cHnical  importance  which  indicate  the  degrees  of 
intensity  produced  by  the  actions  upon  which  depend  the  signs  and 
symptoms  of  the  disease  ;  but  they  have  also  a  bacteriological  import- 
ance, for  chronic  suppurative  conditions  are  very  commonly  found  to 
be  associated  with  the  presence  of  Bacillus  tuberculosis,  or  with 
organisms  of  the  streptothrix  group  (actinomyces,  etc.).  The  finding 
of  these  organisms  in  the  pus  in  association  with  their  well-lmown 
pathological  changes  is  the  only  proof  of  their  causal  nature,  for  it  is 
well  established  that  organisms  of  the  staphylococcal  group,  B.  coli, 
etc.,  may  produce  chronic  as  well  as  acute  suppurative  lesions.  It 
is,  therefore,  essential  that  a  bacteriological  examination  of  the  pus 
or  tissue  walls  of  the  suppurating  focus  should  be  conducted  in  every 
case.  Although  the  identification  of  the  micro-organism  must  always 
be  the  feature  of  first  importance  in  diagnosis  and  prognosis  in  a  case 
of  suppuration,  the  surgeon  must  be  alert  to  observe  the  local  and 
constitutional  clinical  changes,  for  these  will  help  him  to  determine 
the  probable  resisting  power  of  his  patient,  and  to  ordain  treatment 
accordingly. 
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Anatomical  sites. — Suppuration  may  occur  in  pre-existing 
cavities,  such  as  tlie  pleural,  pericardial,  peritoneal,  meningeal,  synovial 
and  bursal  cavities  ;  in  the  bony  sinuses  of  the  nasal  and  aural  regions  ; 
and  on  mucous  surfaces.  It  may  be  a  process  superimposed  upon  other 
morbid  conditions,  e.g.  biliary,  renal,  and  vesical  calculi,  simple 
and  malignant  tumours  and  cysts.  In  such  circumstances  it  must 
be  looked  upon  as  a  complication  of  these  conditions,  though  in  some 
of  them  it  is  often  of  more  imj^ortance  than  the  pathological  condition 
which  it  complicates. 

Suppuration  may  also  complicate  an  "  ulcer,"  or,  by  inducing 
gangrene  of  the  parts  which  cover  subjacent  suppuration,  may  be  a 
direct  cause  of  an  ulcer.  By  preventing  union  of  a  part  by  first 
intention,  the  subsequent  ulcer  would  be  caused  directly  by  the  process 
of  suppuration. 

Etiology. — Suppuration  can  occur  only  as  a  result  of  an  external 
agent  accidentally  or  experimentally  introduced  into  the  tissues  of  the 
living  being.  At  present  there  is  no  evidence  to  prove  definitely  that 
alterations  in  the  metabolism  of  cells  or  any  products  of  autolysis 
can  induce  suppuration. 

The  excitant  may  be  living  or  lifeless.  In  order  to  recognize 
a  possibility  the  lifeless  excitants  of  suppuration  must  be  alluded 
to ;  but  the  reader  must  recognize  that  it  is  the  living  excitants 
only  .  with  which  he  will  have  to  deal  when  he  meets  with  sup- 
puration in  ordinary  clinical  work.  Prominent  among  the  lifeless 
excitants  of  suppuration  are  micro-organisms  previously  killed  by 
low  temperatures,  products  of  micro-organisms,  croton  oil,  pyrogallic 
acid,  cantliarides,  carbolic  acid,  turjientine,  and  abrin.  None  of  these 
agents  can  multiply  in  the  body,  but  they  may  be  carried  from  one 
part  to  another  by  the  blood-  or  lymph-stream.  Since  the  injection 
of  serum  has  come  into  constant  use  it  may  be  well  to  mention  arthus 
phenomenon,"  one  manifestation  of  which  may  be  the  development 
of  an  aseptic  abscess  in  a  guinea-pig  which  has  been  injected  frequently 
with  normal  horse-serum. 

The  chief  causes  of  suppuration  induced  by  living  excitants  are 
micro-organisms,  of  which  the  most  prominent  will  now  be  mentioned. 

Micro-organisms  which  induce  acute  suppuration : — 
Staphylococcus  pyogenes  aureus.  S.  pyogenes  albus.  S.  pyogenes  citreus. 
Streptococcus  pyogcfies.  Pneumococcus.  Gonococcus.  Micrococcus 
catarrhalis.  Bacillus  coU  communis.  B.  pyocyaneus.  B.  mallei.  B. 
typhosus.  B.  pestis.  Ducrey's  bacillus  of  soft  sore.  Meningococcus. 
B.  influenzce.    M.  tetrageyms.  Pneumo-bacillus. 

The  staphylococci  and  a  mixed  infection  of  staphylococci  and 
streptococci  are  the  commonest  causes  of  acute  suppuration  in  adults  ; 
these  and  pneumococci  are  commonest  in  children.    In  the  skin  and 
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subcutaneous  tissues,  suppuration  produced  by  pure  streptococcus  is 
not  common,  and  when  this  micro-organism  is  found  in  pure  culture 
in  the  lymphatic  glands  or  in  the  subcutaneous  tissues,  careful  investi- 
gation, in  my  experience,  generally  shows  that  the  suppuration  has 
occurred  during  or  after  an  attack  of  erysipelas.  The  site  of  inoculation 
is  an  important  factor  in  determining  the  Idnd  of  micro-organism 
which  may  be  present ;  e.g.  in  peritoneal  suppuration  which  is  induced 
by  appendicitis  the  B.  coli  communis  is  commonly  found,  whereas  in 
suppuration  in  the  pleural  cavity  in  cases  of  pneumonia  it  is  usually 
the  pneumococcus  that  is  present. 

Micro-organisms  which  induce  chronic  suppuration.— The 
micro-organism  which  is  most  constantly  found  in  chronic  suppuration 
is  B.  tuberculosis.  Chronic  suppuration  and  tuberculous  suppuration 
have  become  almost  synonymous  terms  in  spite  of  the  fact  that 
tuberculous  disease  is  more  a  degenerative  than  a  true  suppurative 
process.  More  typical  chronic  suppuration  may  be  induced  by  B. 
typhosus,  B.  mallei,  and  by  the  actinomyces  and  other  streptothricise. 
Kocher  and  others  have  shown  that  the  micro-organisms  which 
usually  induce  acute  or  subacute  sujipuration  may  occasionally  give 
rise  to  slowly  formed  semi-quiescent  collections  of  pus.  This  form 
of  chronic  suppuration  occurs  more  particularly  in  bones,  and 
especially  at  their  extremities. 

Other  micro-organisms  are  found  more  or  less  frequently  in  pus, 
but  proof  is  still  required  that  they  are  its  exciting  cause  ;  under  this 
head  may  be  classed — SpirocJiCBte  pallida,  B.  anthracis,  B.  cedematis 
maligni,  and  certain  hyphal  fungi,  especially  varieties  of  Aspergillus 
and  Trichophyton. 

How  the  micro-organisms  of  suppuration  gain  entrance. — 
Micro-organisms  which  cause  suppuration  gain  entrance,  in  the  majority 
of  cases,  if  not  in  all,  through  a  solution  of  continuity.  Garre  rubbed 
virulent  staphylococci  on  the  surface  of  the  sldn,  and  provoked  foci 
of  acute  suppuration  ;  but  there  can  be  little  doubt  that  he  made 
wounds  and  infected  them.  In  large  wounds  the  liability  to  infection 
is  greater  than  in  small  ones,  yet  the  size  is  not  of  fundamental  import- 
ance. Slight  suppuration  may  occur  in  a  large  wound  ;  and  intensive 
suppuration,  ending  fatally  even,  may  be  initiated  by  infection  of  a 
wound  so  small  that  it  cannot  be  seen  with  the  naked  eye.  Any 
article  which  causes  the  wound  may  carry  on  it  the  micro-organisms 
that  induce  suppuration,  or  they  may  gain  admission  at  a  period  later 
n  the  wound's  history. 

It  may  be  taken  as  a  law  that  if  suppuration  should  occur  in  a 
wound  of  which  the  skin  edges  have  been  brought  together,  and  which 
does  not  communicate  with  any  septic  focus,  then  the  micro-organisms 
gained  admission  during  the  operation — even  when  the  suppuration 
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does  not  become  evident  until  the  lapse  of  three  weeks  or  more.  In 
cases  where  this  occirrs  there  is  usually  a  history  of  rise  of  tempera- 
ture, pain,  or  want  of  union,  which  affords  ample  evidence  of  early 
infection. 

Factors  upon  which  suppuration  depends. — Sujjpuratiou 
depends  upon  factors  which  render  its  occurrence  inevitable,  and  upon 
the  adjustment  of  these  factors.  For  instance,  the  inoculation  of  strep- 
tococcus may  induce  no  visible  change,  or  it  may  induce  such  changes 
as  an  area  of  hyperasmia,  or  a  local  collection  of  serum,  or  a  collection 
of  pus,  or  py?emia,  or  even  death  in  a  few  hours.  I  have  seen  a  case 
develop  many  lesions  which  were  induced  by  the  presence  of  pneumo- 
coccus  in  pure  culture,  but  not  in  a  single  one  was  there  any  true 
suppuration.  The  regulating  factors  which  induce  suppuration  are 
considered  in  two  categories  according  as  they  pertain  to — (a)  the 
micro-organism  ;  (6)  the  host. 

(a)  Factors  connected  with  the  micro-organisji.  1.  T]ie 
particular  hind  of  micro-organisvi.- — All  pathogenetic  micro-organisms 
have  not  the  capacity  to  induce  suppuration.  Moreover,  suppuration 
does  not  inevitably  follow  the  inoculation  of  a  culture  which  is  known 
to  be  capable  of  inducing  it  under  other  circumstances.  Perhaps 
the  micro-organism  wlrich  induces  suppuration  with  the  greatest 
degree  of  certainty  is  the  staphylococcus.  The  inoculation  of  the 
streptococcus  may  be  followed  by  a  great  variety  of  effects,  as  has 
just  been  mentioned. 

2.  Dose.  —  The  dose,  i.e.  the  number  of  the  micro-organism  inocu- 
lated, is  more  important  in  the  case  of  those  whose  virulence  and 
variation  of  virulence  are  not  very  great.  Although  there  is  variation 
in  the  virulence  in  different  strains  of  staphylococcus,  yet  there  is  not 
the  gTeat  variation  that  is  observed  in  the  case  of  streptococcus  ;  hence 
the  dose  is  a  very  important  factor  in  the  case  of  stajjhylococcus,  and 
virulence  may  be  a  more  important  factor  in  the  case  of  streptococcus, 
but  even  for  a  streptococcus  culture  capable  of  inducing  suppuration 
the  dose  must  remain  an  important  factor.  With  regard  to  the  dose 
of  staphylococci  necessary  to  produce  suppuration,  Watson  Clieyne 
showed  that  it  required  250  millions  to  produce  an  acute  abscess  in 
rabbits.  Harman  found  that  it  required  500  millions  staphylococci  to 
produce  an  acute  abscess  in  rabbits,  but  that  50  millions  were  sutH- 
cient  to  cause  the  same  result  in  dogs.  My  exjjerience  would  suggest 
that  these  figures  are  excessive  in  the  case  of  man  ;  mankind  appears 
to  be  more  susceptible  to  staphylococcus  infections  than  are  the 
lower  animals., 

3.  Virulence. — The  virulence  of  a  micro-organism  is  also  an  important 
factor  in  discussing  its  capability  of  causing  sujDj^uration.  A  large 
dose  of  a  highly  virulent  micro-organism  would  probably  kill  a  host 
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without  inducing  a  suppurative  process,  whereas  a  small  dose  of  the 
same  culture  might  cause  an  acute  abscess  and  nothing  more.  But 
there  is  a  degxee  of  virulence  in  which  it  would  seem  impossible  to 
inoculate  a  dose  sufficiently  small  to  avoid  a  fatal  issue  in  a  few  hours  ; 
for  instance,  Marmorek  and  W.  Bulloch  showed  that  the  virulence  of 
a  streptococcus  can  be  so  intensified  by  passing  the  culture  through 
rabbits,  that  even  half  a  millionth  of  a  cubic  centimetre  caused  death 
in  seven  hours.  The  degree  of  virulence  of  the  inoculated  micro- 
organism influences  the  behaviour  of  the  tissues  of  the  host,  and  the 
initiation  and  degree  of  suppuration  depend  greatly  upon  it.  The 
degree  of  virulence  varies  in  the  life  history  of  the  same  micro- 
organism. 

4.  Method  of  inoculation. — It  is  possible  to  demonstrate  that  a  dose 
of  a  micro-organism  inoculated  in  mass  behaves  differently  from  the 
same  dose  inoculated  in  fine  emulsion.  I  have  convinced  myself  that 
a  mass  of  staphylococci  taken  from  the  surface  of  a  culture  on  agar 
and  inoculated  under  the  skin  can  induce  a  form  of  suppuration  at 
the  seat  of  inoculation  ;  but  when  the  same  dose  from  the  same  medium 
is  inoculated  in  fine  emulsion  a  focus  of  suppuration  at  the  seat  of 
inoculation  does  not  of  necessity  follow. 

5.  Purity  or  mixture  of  infection  probably  has  an  influence  upon 
events  in  the  host.  Probably  a  staphylococcus  when  inoculated  with 
another  organism  not  capable  of  inducing  suppuration,  such  as  B. 
prodigiosus,  requires  a  smaller  dose  to  produce  suppuration  than  it 
would  were  the  B.  prodigiosus  absent.  It  is  not  possible  to  explain 
the  fact.  B.  prodigiosus  is  not  pathogenetic  except  in  very  large 
dose.  The  combination  of  the  two  micro-organisms  may  increase 
slightly  the  virulence  of  the  staphylococcus,  or  the  presence  of  the 
comparatively  small  dose  of  B.  prodigiosus  may  render  the  tissues  of 
the  host  more  susceptible  to  the  action  of  the  staphylococcus.  At  any 
rate,  it  is  known  that  the  action  of  other  micro-organisms  is  modified 
by  luixture  of  infection  ;  for  instance,  B.  tetani  is  more  dangerous 
when  its  infection  is  mixed  with  micro-organisms  capable  of  inducing 
suppuration,  probably  because  B.  tetani,  being  an  anaerobic  organism, 
only  becomes  active  through  a  utilization  of  the  oxygen  by  the 
associated  pyogenetic  organisms. 

(6)  Factors  connected  with  the  host.  Immunity  and  suscepti- 
bility.— One  host  may  be  immime  to  a  suppurative  process  to  which 
another  may  be  susceptible,  although  the  same  dose  of  the  same 
micro-organism  and  of  the  same  degree  of  virulence  be  inoculated 
in  each  case.  Age  has  an  important  influence  upon  the  incidence 
of  some  suppurative  processes.  Infants  are  very  susceptible  to 
suppuration  caused  by  the  pneumococcus,  to  which  adults  are  not 
so  liable  ;  similarly,  the  vaginal  mucous  membrane  of  a  child  is  very 
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susceptible  to  infection  by  the  gonococcus  as  compared  with  that  of 
the  adult. 

It  is  a  fact  that  some  parts  and  tissues  of  the  body  are  more  immune 
to  the  suppurative  process  than  others  ;  that  is  to  say,  the  immunity 
may  be  local.  Suppuration  does  not  occur  in  hair,  nails,  or  cartilage, 
and  uncongenial  soil  is  found  in  fibrous  tissue,  erectile  tissue,  and 
arterial  tubes,  except  in  aneurysm  and  infective  embolism.  With 
regard  to  blood  as  a  soil  or  nidus,  its  bactericidal  power  to  certain 
organisms  is  well  established,  and,  though  suppuration  may  extend 
from  a  vessel  wall  into  a  thrombus,  it  is  commoner  for  an  estabUshed 
thrombus  to  be  the  starting-point  of  the  suppurative  process. 

Suppuration  is  especially  frequent  in  the  cutaneous  and  sub- 
cutaneous tissues,  23articularly  at  the  back  of  the  neck — a  fact  not 
altogether  explained  by  the  frequency  with  which  these  tissues  may 
be  inoculated.  The  same  remark  applies  to  the  matrix  of  the  nail 
(whitlow). 

Certain  micro-organisms  are  more  prone  to  induce  suppuration 
in  certain  tissues  than  in  others.  For  instance,  the  gonococcus  is  most 
active  on  the  mucous  membrane  of  the  iirethra,  cervix  uteri,  and  con- 
junctiva, less  active  on  synovial  and  serous  surfaces,  and  very  slightly 
active  in  skin  and  subcutaneous  tissue,  lymphatic  glands,  and  the 
adult  vaginal  mucous  membrane.  I  have  seen  a  streptococcal  cutaneous 
erysipelas  spreading  fi-om  the  hand  to  the  tissues  about  the  base  of 
the  neck,  and  producing  suppuration  only  in  the  bursa  covering  the 
olecranon  process  and  in  the  supraclavicular  lymphatic  glands.  The 
pus  in  these  regions  contained  Streptococcus  pyogenes  in  pure  culture. 
I  saw  another  case  in  the  South  African  War,  in  which,  fi'om  a  septic 
bullet-wound  in  the  heel,  cutaneous  erysipelas  spread  upwards  to  the 
groin,  yet  the  only  part  in  which  suppuration  occurred  was  the  pre- 
patellar bursa,  and  in  this  streptococci  were  the  only  micro-organisms 
observed  microscopically. 

A  person  who  has  recovered  from  a  prolonged  supj^urative  process 
may  enjoy  for  a  time  immunity  from  the  specihc  micro-organism 
which  induced  the  disease.  The  length  of  time  which  this  active 
acquired  immunity  lasts  varies  with  different  micro-organisms.  In 
dogs  I  found,  exj^erimentally,  that  the  active  acquired  immunity 
after  a  staphylococcus  suppuration  was  very  temporary,  lasting  about 
fourteen  days.  After  a  streptococcus  infection,  immunity  may  last 
about  six  weeks,  whilst  it  is  a  well-established  fact  that  after  B. 
typhosus  the  immunity  may  be  present  for  several  years. 

Natural,  and  even  acquired  general  immmiity  can  be  diminished, 
and  natural  general  susceptibility  increased,  by  fatigue,  starvation, 
alcoholism,  exposure  to  cold  or  wet,  and  by  diseases  such  as  diabetes 
and  nephritis. 
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Passive  acquired  immunity  is  induced  by  injecting  into  a  sus- 
ceptible host  the  serum  from  an  animal  which  has  actively  immunized 
itself  by  having  suffered  from  the  effects  of  the  same  micro-organism. 
Unfortunately,  it  is  at  present  diiiicult  or  impossible  to  apply  this 
method  of  establishing  immunity  in  treatment  against  the  micro- 
organisms capable  of  inducing  suppuration. 

Local  susceptibility  can  be  induced  by  disease  or  injury,  and  a 
part  injured  before  or  after  inoculation  may  be  the  focus  of  suppuration, 
although  the  micro-organisms  were  introduced  elsewhere. 

I  have  shown  in  another  place  that  in  some  acute  and  chronic 
infective  processes  this  local  susceptibility  must  be  related  in  some 
degree  to  the  nervous  control  of  a  part,  and  have  suggested  that  it 
was  a  neurotrophic  condition  wliich  allowed  infection  in  the  affected 
area  and  prevented  it  in  adjoining  areas.  Apart  from  tliis  suggested 
neurotrophic  influence  on  infective  processes,  it  must  be  admitted 
that  the  neurovascular  state  must  be  an  important  factor  in  influencing 
the  course  of  infective  processes  ;  but  it  cannot  be  imagined  that  changes 
in  the  neurovascular  state  can  account  for  the  selection  of  one  nerve 
area  and  the  escape  of  its  immediate  neighbour.  Amongst  other 
cases  which  I  have  collected  bearing  on  this  point  is  one  in  which  the 
regions  described  by  Henry  Head  as  the  nasal  regions  were  picked  out 
by  erysipelas  (streptococcus)  which  never  spread  to  neighbouring  areas. 
The  extreme  localization  of  such  a  case  cannot  have  been  due  to  pure 
neurovascular  changes  ;  hence  I  suggested  the  neurotrophic  explanation. 

Dissemination.— Many  micro-organisms  are  themselves  motile, 
being  possessors  of  flagella,  but  those  without  flagella  seem  to  be  equally 
liable  to  dissemination. 

It  must  be  borne  in  mind  that  an  increase  in  the  area  of  distribution 
of  the  micro-organisms  is  not  necessarily  followed  by  an  increase  in 
the  area  of  suppuration. 

The  pre-existing  channels  and  cavities  by  wliich  dissemination  is 
facilitated  are  the  blood-  and  lymph-vessels  ;  the  meningeal,  pleural, 
peritoneal,  synovial,  and  mucous  cavities  ;  the  tendon  sheaths  and 
the  bursas  communicating  with  them  ;  the  nasal  and  genito-urinary 
mucous  membranes  and  their  communications ;  and  the  ducts  of 
glands. 

I  think  that  the  frequency  of  dissemination  or  generalization  of 
micro-organisms  is  not  generally  appreciated.  I  have  shown  by  experi- 
ments that,  even  when  an  inoculation  is  manifested  only  in  a  local 
suppuration,  the  inoculated  host  passes  through  a  general  as  well  as 
a  local  infection,  although  the  clinical  features  may  not  give  evidence 
of  this  process.  I  found  in  one  series  of  experiments  that,  in  an 
animal  killed  five  minutes  after  an  inoculation  of  staphylococci  into 
the  subcutaneous  tissue,  the  same  micro-organism  could  be  stained 
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in  aud  cultivated  from  the  liver,  spleen  and,  sometimes,  tlie  heart  and 
lungs.  At  the  same  time,  the  exact  dose  of  the  same  culture  of  the 
micro-organism  was  inoculated  into  the  same  parts  of  a  control  animal 
which  subsequently  developed  an  acute  suppuration  at  the  seat  of 
inoculation  only,  from  which  it  recovered.  These  experiments  show 
that  the  body  of  the  host  was  able  to  deal  summarily  with  the  dissemi- 
nated micro-organisms,  although  an  obvious  effort  was  required  to  rid 
itself  of  the  masses  of  them  which  were  arrayed  against  it  at  the  seat 
of  inoculation,  viz.  where  suppuration  occurred. 

The  reader  will  see  from  these  experiments  t  wo  things  ; — 

1.  Although  there  is  only  local  change  obvious  in  suppuration, 
the  patient  has  passed  through  the  crisis  of  a  general  infection ; 
even  during  the  process  of  suppuration  a  host  is  protecting  himself 
against  generalized  bacteria,  a  few  of  which- can  be  demonstrated 
in  the  blood,  especially  in  the  early  stages,  if  a  sufficient  quantity 
(10  c.c.)  be  examined.  Thus,  in  the  early  stages  of  pneumonia  and 
typhoid  fever  the  respective  micro-organisms  can  be  found  without 
difficulty  in  tlie  circulating  blood. 

2.  The  patient,  by  the  time  suppuration  has  occurred,  has  already 
run  the  risks  of  acute  septicaemia  or  of  pycemia,  either  of  which  might 
have  occurred  if  the  micro-organism  had  been  possessed  of  greater 
virulence,  or  had  been  disseminated  in  larger  dose,  or  if  the  host  had 
been  more  susceptible. 

It  follows,  therefore,  that  the  effects  of  an  infection  inevitably  depend 
on  the  balance  between  the  contending  powers  at  the  moment  of  inocu- 
lation— viz.  (1)  the  micro-organism,  and  (2)  the  host.  Although  the  later 
course  of  the  infection  may  be  influenced  by  subsequent  changes  in 
the  micro-organism  and  in  the  host,  the  actual  degrees  in  which  the 
powers  of  attack  and  defence  are  present  at  the  moment  of  inoculation 
are  the  foundation  of  all  the  subsequent  changes. 

Clinical  forms  of  acute  suppuration. — An  acute  sup- 
puration is  exhibited  clinically  in  one  of  two  forms,  acute  circum- 
scribed abscess  and  acute  diffuse  suppuration. 

The  acute  diffuse  suppuration  is  the  more  serious  of  the  two,  and 
while  it  lasts  the  limb  or  even  the  life  of  the  patient  may  be  in  jeopardy. 
The  process  is  more  intense  than  in  the  acute  circumscribed  form. 
Apart  from  this,  the  pathology  of  acute  circumscribed  abscess  and  of 
acute  diffuse  suppuration  is  practically  identical,  and  microscopical 
sections  made  from  the  margins  of  these  lesions  exhibit  such  similar 
changes  that  it  is  not  always  possible  to  state  which  of  the  two  is  under 
observation.  Hence,  to  avoid  needless  repetition,  the  pathology  of 
these  conditions  will  be  described  under  the  heading  of  acute  circum- 
scribed abscess,  and  when  differences  arise  more  closely  associated 
with  acute  diffuse  suppuration  they  will  be  indicated. 
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ACUTE  CIRCUMSCRIBED  ABSCESS 

Definition. — Acute  circumscribed  abscess  is  the  term  applied 
to  a  localized,  rapidly  formed  collection  of  pus  in  a  cavity  produced 
by  the  suppurative  process. 

Pathological  anatomy. — For  the  purpose  of  description 
the  sequence  of  events  in  the  development  of  an  acute  circumscribed 
abscess  will  be  dealt  with  under  three  heads,  and  as  it  occurs  in  the 
subcutaneous  tissue  : — ■ 

1.  Entrance  of  micro-organisms  and  their  after-effect  in  producing 
emigration  of  leucocytes,  transudation  of  lymph,  and  death  of  tissue. 

2.  Proliferation  of  the  neighbouring  fibrous  bands  and  connective 
tissue  which  normally  connect  and  support  the  adipose  tissue  ;  this  is 
commonly  called  encystment  of  the  abscess — erroneously,  I  think. 

3.  Rupture  of  the  abscess. 

1.  The  micro-organisms  at  once  begin  to  multiply.  At  the  end 
of  the  first  hour  after  inoculation  they  are  scattered  diffusely  among 
the  tissues  into  which  the  inoculation  was  made.  Emigration  of 
leucocytes,  transudation  of  lymph,  and  necrosis  of  the  tissues  are  now 
evident.  Around  the  margins  of  the  living  tissues  leucocytes,  even 
at  the  end  of  the  first  hour,  are  collecting  in  considerable  numbers  ; 
some  have  already  penetrated  the  dead  area  and  met  their  death  ; 
many  of  the  immigrated  leucocytes  have  incorporated  a  large  number 
of  the  invading  micro-organisms  (phagocytosis). 

By  the  end  of  twenty-four  liours  both  micro-organisms  and  leuco- 
cytes have  increased  enormously  in  number,  and  masses  of  micro- 
organisms are  seen  scattered  among  great  crowds  of  leucocytes,  many 
of  which  are  evidently  dead  and  degenerating  (leucolysis),  whilst 
phagocytosis  is  greatly  increased.  Mixed  up  with  these  are  masses 
of  necrotic  tissue,  and  also  areas  of  more  resistant  fibrous  tissue 
which  has  not  yet  undergone  death  and  liquefaction.  At  the  margin 
of  the  abscess  local  connective-tissue  cells  begin  to  multiply ;  they  are 
also  seen  in  small  numbers  lying  free  among  the  leucocytes  and  micro- 
organisms at  the  edge  of  the  lesion.  Enormous  numbers  of  micro- 
organisms are  seen  in  the  liquid  content  in  the  centre  of  the  lesion. 

In  forty-eight  hours  all  these  processes  have  increased,  and  one 
marked  change  is  to  be  noticed.  Micro-organisms,  when  stained,  can 
be  seen  (low  power)  forming  a  sinuous  line  round  the  margin  of  the 
lesion  ;  under  a  high  power  they  are  seen  to  be  lying  between  newly 
formed  connective-tissue  cells  and  leucocytes  that  have  collected 
there — the  latter  also  incorporating  many  of  them.  This  line  of  micro- 
organisms at  the  margin  of  the  lesion  is  characteristic,  and  must  be 
important ;  it  can  be  stained  throughout  the  whole  subsequent  course 
of  the  lesion.    (Plate  25.) 


Spreading  infection  (staphylococci)  in  subcutaneous  tissue  of  guinea- 
pig,  48  hours  after  inoculation.  a,  Adipose  tissue ;  b,  the  same 
infiltrated  with  polynuclear  leucocytes  and  staphylococci ;  c,  bundles 
of  striated  muscle  being  separated  from  each  other  by  the  same 
infiltrating  process.     x  50. 


Plate  25. 


/ 
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Subcutaneous  tissue  of  guinea-pig,  four  days  after  infection  with  staphy- 
lococci.    A,  Hypertrophied  band  supporting  connective  tissue  against 
which  abscess  has  impinged  ;    b,  unorganized  blood-vessels  in  middle 
layer  of  so-called  abscess  wall  ;    c,  abscess  cavity.     x  50. 


Plate  26. 
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At  the  end  of  the  fourth  day  (Plate  26)  the  condition  of  things 
has  become  more  definite.  The  micro-organisms  aroimd  the  edge 
of  the  lesion,  but  within  the  area  of  disease,  are  very  evident,  and  the 
local  connective  tissue  has  been  busily  multiplying  here,  so  that  leuco- 
cytes, connective-tissue  cells,  and  micro-organisms  are  collected  in 
great  numbers.  Newly  formed  capillaries  can  be  seen  within  this 
marginal  area,  and  are  the  main  source  of  the  htemorrhage  which  occurs 
when  an  abscess  bursts  or  is  opened.  Aromid  the  focus  of  disease 
the  fibrous-tissue  bands  which  normally  support  the  blood-vessels, 
nerves,  and  adipose  tissue  are  swollen  ;  their  increase  in  size  gets 
less  and  less  noticeable  the  fartlier  away  they  are  from  the  focus. 
From  this  stage  onwards  it  is,  in  my  experience,  very  difficult  to 
demonstrate  any  micro-organism  in  any  other  part  of  the  body  than 
in  the  abscess  cavity. 

By  the  seventh  clay  (Plate  27)  all  these  conditions  are  still  more 
marked  ;  but,  although  the  abscess  may  be  on  the  point  of  bursting, 
there  are  many  parts  of  its  margin  which  have  no  limiting  fibrous 
tissue.  Where  fibrous-tissue  wall  exists,  it  seems  as  if  the  disease  has 
extended  to  it  accidentally  rather  than  that  the  disease  has  been 
encircled  intentionally  by  the  fibrous  wall.  This  increased  presence  of 
fibrous  tissue  may  increase  the  power  of  local  immimity,  but  it  can- 
not be  said  to  accomit  for  the  limitation  of  the  disease,  because  of  its 
frequent  absence  even  when  recovery  is  occurring.  The  point  is  im- 
portant, and  I  must  return  to  it. 

The  dead  and  liquefied  tissues,  the  emigrated  leucocj^tes,  and  the 
collection  of  serum  constitute  pus.  Pus  can  be  recognized  at  tlie 
end  of  twenty-four  hours  in  the  centre  of  the  lesion.  When  collected 
and  examined  it  is  a  thick,  opaque  fluid,  white  to  lightish-yellow  in 
colour,  fatty  or  greasy  to  touch  ;  it  often  possesses  a  peculiar  animal 
odour,  and  the  reaction  is  usually  alkaline,  but  in  abscess  of  bone  it 
is  sometimes  acid. 

The  yelloiv  colour  of  pus  is  ascribed  to  the  fatty  degeneration  of 
the  leucocytes  and  other  cells  found  in  it,  and  also  to  the  altered  blood- 
pigment  and  the  pigment  produced  by  organisms,  e.g.  Staph  i/lococcus 
pyogenes  aureus.  Sometimes  pus  is  blue,  the  colour  being  due  to  the 
presence  of  B.  pyocyaneus.  Pus  from  the  liver  is  often  coloured  by 
bile  pigment,  and  may  be  chocolate  or  brownish. 

The  odour  of  pus  varies.  Sometimes  it  may  be  most  oft'ensive, 
as  in  some  abscesses  which  develop  close  to  the  intestines.  The 
B.  coli  communis  is  often  wrongly  blamed  for  this  oft'ensive  odour  ; 
pus  due  to  this  organism  in  pure  culture  is  frequently  inoft'ensive. 
The  ofiiensive  odour  of  pus  is  often  due  to  an  infection  mixed  with  a 
micro-organism  of  putrefaction.  When  connected  with  the  urinary 
tract,  pus  is  often  ammoniacal. 
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Gas  in  an  abscess  may  be  present  either  as  a  product  of  the  invading 
micro-organism,  e.g.  B.  maligni  cedematis,  or  as  a  result  of  a  communi- 
cation between  it  and  the  respii'atory  or  alimentary  tract. 

These  variations  in  the  character  of  pus  are  supposed  by  some 
to  be  of  value  in  diagnosis  and  prognosis  ;  but  no  great  significance  can 
be  attached  to  them.  For  instance,  pus  may  be  identical  in  appear- 
ance, whether  it  be  induced  by  staphylococci  or  B.  mallei  (glanders) 
or  B.  pestis  (plague).  Therefore  the  most  valuable  indications  can  be 
afforded  only  by  establishing  which  micro-organism  is  the  cause  of  the 
condition. 

Metabolic  'products. — Apart  from  the  true  toxins,  pus  also  contains 
poisonous  products  due  to  micro-organismal  metabolism  and  to  leuco- 
lysis  and  cytolysis. 

The  solid  elements. — Flakes  of  coagulated  material  and  dead  tissues 
may  be  suspended  in  the  fluid  ;  these  may  necessitate  larger  openings 
for  their  removal  by  operative  procedure. 

The  solid  elements  consist  of  bacteria  and  cells.  The  most  numerous 
and  most  representative  cells  seen  in  the  pus  of  acute  circumscribed 
and  diffuse  suppurations  are  the  polynuclear  neutrojjhile  leucoc}i;es,  and 
at  the  present  time  they  are  regarded  as  the  most  important,  and,  with 
the  endothelial  cells,  are  the  most  active  phagocytes.  Other  leucocytes 
appear  in  pus,  notably  the  lymphocytes,  wliich  increases  in  number  with 
the  age  of  the  lesion.  The  coarsely  granular  eosinophile  polynuclear 
leucocyte,  the  hyaline  mononuclear  leucocyte,  the  coarsely  granular 
basophile  mast-cell  (Elniich),  can  all  be  demonstrated  in  varying 
numbers,  but  they  never  reach  numerical  importance. 

The  older  the  abscess  the  greater  the  number  of  lymphocytes  and 
connective-tissue  cells  that  appear  at  the  margin. 

Endothelial  cells,  young  connective  fibrous-tissue  cells,  plasma 
cells,  and  cells  of  doubtful  origin  are  also  seen  in  pus. 

Red  blood-corpuscles  are  seen,  and  if  they  are  present  in  large 
number  before  the  abscess  is  opened  they  indicate  great  intensity  of 
the  disease. 

The  proliferation  of  polynuclear  neutrophile  leucocytes  in  the 
bone-marrow  and  spleen  is  increased  in  suppurative  processes.  The 
small  mononuclear  cells  (lymphocytes)  are  not  markedly  increased 
in  the  blood,  even  in  the  more  chronic  forms  of  suppuration,  in  which 
they  are  present  locally  in  great  numbers  ;  therefore  they  are  probably 
of  local  origin,  and,  according  to  Whitfield,  they  probably  arise  from 
endothelial  cells. 

To  investigate  all  the  unsettled  problems  which  surround  the 
method  by  which  leucocytes  collect  in  the  area  of  suppuration  would 
be  beyond  the  scope  of  this  article.  It  is  known,  however,  that  the 
leucocytes,  escape  from  the  smaller  veins  and  capillaries,  but  the 
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meclianism  of  the  process  is  still  a  matter  of  speculation.  The  faculty 
of  amceboid  movement  which  leucocytes  are  said  to  possess  is  a 
tempting  explanation  to  advance  of  their  mode  of  progress  from  the 
blood-vessel  to  the  seat  of  disease.  The  facts  that  light,  heat,  galvanism, 
gravity,  chemicals,  atmospheric  pressure,  and  so  forth,  are  capable  of 
attracting  or  repelling  leucocytes,  many  plants,  and  lower  organisms, 
has  been  demonstrated  ;  one  or  more  of  these  attracting  influences 
would  readily  supply  the  force  which  calls  the  amosboid  power  of 
leucocytes  into  action,  causing  them  to  progress  in  a  certain  direction, 
viz.  towards  the  chemical  attraction  at  the  seat  of  disease.  Other 
observers  maintain  that  even  the  amceboid  action  of  the  leucocyte 
may  be  explained  by  differences  in  surface  tension,  hrst  between  it 
and  the  injured  vessel  wall,  and  then  between  it  and  the  tissues  with 
which  it  subsequently  comes  in  contact  :  and  that  besides  this  difference 
in  surface  tension  the  progress  of  the  leucocyte  towards  the  abscess 
is  aided  by  the  direction  of  flow  taken  by  the  fluid  exudate. 

The  fluid  element  of  pus  is  yellow  or  yellowish-green,  and  transparent. 
It  does  not  coagulate  spontaneously,  but  does  so  on  the  addition  of 
nitric  acid.  Many  of  the  substances  held  in  solution  are  products 
of  the  micro-organism.  Besides  the  toxins,  to  which  allusion  has 
just  been  made,  there  are  other  bacterial  substances,  such  as  cytolysin, 
leucolysin,  and  hajmolysin. 

The  substances  produced  in  the  tissues  by  staphylococci,  Strephjcoccus 
pyogenes,  and  B.  pt/ocijaneus  possess  the  property  of  destroying  leuco- 
cytes (leucolysin).  Leucocytes  treated  with  this  substance  are  iden- 
tical in  appearance  with  those  seen  in  pus.  Denys  and  Van  der  Velde 
separated  from  the  pleural  exudate  of  rabbits  inoculated  with  staphy- 
lococcus a  substance  they  termed  "  leucocidine  "';  it  is  liighly  poisonous 
and  kills  leucocytes  in  a  few  seconds.  The  exudate  loses  this  property 
upon  being  heated  for  ten  minutes  at  a  temperature  of  6*1''  C.  These 
authors  have  obtained  an  antibody,  which  they  term  anti-leuco- 
cidine,"  and  which  is  found  to  be  capaljle  of  neutralizing  the  action  of 
leucocidine. 

The  fluid  element  of  pus  also  contains  autolytic  substances  derived 
from  the  destroyed  cells  of  the  host. 

Like  blood-plasma,  from  which  it  mainly  comes,  the  lluid  element 
of  pus  contains  no  iibrinogen.  It  is  richer  in  the  proteins,  serum 
albumin  and  serum  globulin,  than  is  ordinary  lymph.  Tlie  fluid  of 
pus  also  contains  albunioscs  and  peptones  derived  from  the  killed 
leucocytes  and  other  tissue  cells.  Lecithin  is  more  abundant  than 
in  blood.  Leucin  and  tyrosin  have  l)een  found.  Sodium  chloride 
is  present,  also  carbonate  and  phosphate,  to  wliicli  the  alkalinity  of 
pus  is  due. 

Sir  Almroth  Wright  has  demonstrated  the  presence  of  substances 
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wliich  he  calls  opsonins  in  the  serum  of  blood  drawn  from  patients 
suffering  from  infective  processes,  but  no  opsonin  is  demonstrable 
in  pus.  After  an  abscess  has  been  opened,  however,  opsonins  appear 
and  gradually  increase  in  amount  in  the  serous  discharge. 

I  have  killed  rabbits  suffering  from  mature  circumscribed  abscesses 
by  injecting  the  animals,  in  some  cases  with  carmine,  in  others  with 
methylene  blue  ;  in  none  could  I  observe'  any  pigment  within  the 
abscess  cavities,  though  it  remained  fixed  in  all  the  other  tissues  of 
the  body,  including  those  immediately  surrounding  the  abscesses. 
This  was  true  also  in  the  case  of  animals  killed  by  the  same  process  in 
which  the  abscesses  were  opened  previous  to  the  injection  of  pigment. 
These  experiments  appear  to  indicate  that  there  is  no  direct  open 
lymphatic  communication  between  the  body  and  the  abscess  cavity  ; 
also  that  the  cells  of  the  capillaries  and  small  veins  play  some  part 
in  deciding  what  shall  pass  into  the  abscess  cavity.  Vice  versa,  the 
periodic  rise  of  temperature  at  night  in  many  cases  of  toxaemia  does 
not  support  the  theory  that  mechanical  pressure  induces  absorption 
from  the  abscess  cavity. 

The  proteolytic  enzymes  derived  from  tlie  leucocytes  of  pus  are 
probably  a  cause  of  death  of  the  cocci,  which  are  killed  without  being 
incorporated  within  cells. 

2.  In  considering  the  proliferation  of  pre-existing  tissues  which 
occurs  at  and  around  the  site  of  an  acute  circumscribed  abscess,  the 
reader  sliould  regard  the  lesion  as  being  an  acute  diffuse  suppuration 
the  spread  of  which  has  ceased.  He  must  not  be  misled  into  tlie  idea 
that  its  apparent  enclosure  by  connective  tissue  has  led  in  any  way 
to  the  arrest  of  spread  ;  it  becomes  circumscribed  because  the  process 
has  been  arrested.  In  other  words,  the  proliferation  of  the  connective 
tissue  and  the  apparent  encystment  of  the  abscess  cavity  cannot  be 
regarded  as  the  cause  of  its  arrest.  In  my  opinion,  proliferation  of  the 
local  connective  tissue  could  not  occur  had  not  the  tissues  gained 
a  power  of  resistance  which  they  did  not  possess  during  the  first 
hours  of  invasion.  The  reader  will  remember  tliat  death  of  tissues 
was  tlie  first  consequence  of  micro-organismal  invasion  ;  proliferation 
of  tissue  and  death  of  tissue  could  not  exist  in  association,  at  the  same 
spot,  and  under  the  same  conditions.  The  dead  parts  must  have  been 
more  susceptible  to  disease  than  the  proliferating  parts. 

The  state  of  affairs  seen  is  as  follows  :  At  an  early  stage  there  is 
practically  no  change  visible  in  the  activity  of  the  undestroyed  cells 
of  the  Tpavt,  but  there  is  infiltration  with  polynuclear  neutrophile 
leucocytes.  The  number  of  leucocytes  is  increased  at  the  end  of 
twenty-four  hours,  and  the  process  has,  in  parts,  reached  the  pre- 
existing bands  of  fibrous  connective  tissue,  but  it  is  the  mere  accident 
of  collision.    It  may  be  said  at  once  that,  although  the  endothelial 
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cells,  increase  and  play  an  important  part  in  phagocytosis,  the 
main  and  most  obvious  proliferation  occurs  in  the  supporting  con- 
nective tissue.  In  forty-eight  hours  the  local  proliferation  is  more 
marked,  and  young  blood-vessels  can  be  seen  forming  in  the  multiplying 
tissues.  This  proliferation  continues,  but  even  when  the  abscess  has 
reached  its  greatest  maturity  and  shows  no  further  tendency  to  sj)read, 
and  even  when  the  clinical  signs  prove  recovery,  the  whole  circum- 
ference is  not  surrounded,  as  might  be  imagined,  by  dense  fibrous 
abscess  wall.  There  may  be  many  points  where  the  pus  cells  and 
micro-organisms  lie  apparently  in  immediate  juxtaposition  to  the 
adipose  or  fibrous  tissues.  Thus  the  local  condition  is  recovering  in 
the  absence  of  mechanical  limitation,  and  therefore,  as  stated  above, 
recovery  and  localization  of  the  process  cannot  be  due  to  a  circum- 
scription which  does  not  exist. 

The  older  writers  attached  too  great  importance  to  the  cir- 
cumscription of  an  abscess  by  means  of  the  newly  formed  fibrous 
tissue  ;  believing  it  to  be  the  predominating  efi'ort  of  nature  to  effect 
the  final  cure  of  the  malady,  they  neglected  the  whole  question  of 
local  and  general  actively  acquired  immunity.  In  considering  the 
value  of  an  abscess  wall  and  the  attitude  to  it  which  the  surgeon  should 
adopt  in  treatment,  the  reader  must  bear  in  mind  that  there  are  other 
and  more  fundamental  curative  forces  at  work  than  the  incomplete 
enclosure  of  an  abscess  by  fibrous  tissue,  forces  which  are  specific 
against  the  particular  micro-organism  that  has  caused  the  disease. 
The  attitude  of  a  surgeon  towards  the  margins  of  an  abscess  should  be 
the  same  whether  the  lesion  be  old  enough  to  be  more  or  less  encysted 
or  not.  I  have  shown  that  at  the  end  of  forty-eight  hours  the  micro- 
organisms are  found  in  abundance  round  the  margin  of  the  abscess. 
There  is  no  fully  developed  wall  anywhere  at  this  age,  so  were  the 
surgeon  to  scrape  this  part  he  would  liberate  micro-organisms  into 
new  tissues  and  lymphatic  spaces.  At  any  age  of  an  abscess  its  margin 
should  be  treated  with  very  great  care  and  tenderness.  The  importance 
of  leaving  undisturbed  every  part  of  an  abscess  wall  is  greater  in  some 
infections  than  in  others.  However,  in  treatment  it  is  wiser  always 
to  deal  very  tenderly  with  the  living  margin  of  an  abscess,  not  mainly 
because  its  mechanical  disturbance  ma}^  disseminate  bacteria,  but 
rather  because  mechanical  injury  lowers  the  local  immunity  and 
provides  a  more  acceptable  nidus  for  the  bacteria. 

^^'hen  pus  has  collected  it  should  be  carefully  removed  before 
attempting  any  rough  manipulations  which  it  may  be  necessary  to 
inflict  on  the  margin  of  the  abscess  in  order  to  remove  an  appendix, 
for  instance,  or  a  Fallopian  tube.  The  pus  having  been  removed,  it  is 
quite  safe,  in  most  cases  which  are  not  of  a  tuberculous  nature,  to 
manipulate  parts  as  freely  as  necessary  ;  in  fact,  it  is  wiser  to  remove 
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the  main  sources  of  infection  than  to  leave  them  for  fear  of  destroy- 
ing the  integrity  of  the  encysting  tissues,  always  provided  that  first  the 
pus  has  been  removed.  Death  rapidly  follows  the  rupture  of  a  large 
tubal  abscess  into  the  peritoneal  cavity  ;  the  early  fatal  issue  cannot 
be  due  to  the  liberation  of  bacteria  into  new  fields  of  operation,  but 
is  due  to  the  pouring  of  a  highly  poisonous  fluid  from  a  cavity  whose 
power  of  absorption  is  small  into  a  cavity  whose  power  of  absorption 
is  great. 

Supposing  the  infection  to  cause  an  acute  diffuse  suppuration 
instead  of  one  which  is  acute  and  circumscribed,  those  parts  where 
the  disease  has  lasted  longest  without  spreading  resemble  the  margin 
of  an  acute  circumscribed  abscess  of  the  same  age  ;  in  other  parts  of 
the  circumference  where  it  is  spreading  tlie  appearance  resembles  that 
of  an  acute  circumscribed  abscess  of  about  twenty-four  or  forty-eight 
hours'  duration. 

3.  As  the  abscess  approaches  the  sldn,  and  before  it  actually  reaches 
it,  the  hair-follicles,  sebaceous  glands,  sweat-glands,  and  superjacent 
epithelium  undergo  atrophy  and  disappear.  The  last  thing  seen 
before  rupture  is  a  burrowing  of  the  pus  beneath  the  horny  layer  of 
the  skin,  which  finally  gives  way,  and  then  the  abscess  "  bursts." 

An  abscess  assumes  a  round  or  oval  shape  partly  from  the  marginal 
spread  from  a  central  point,  partly  from  the  centrifugal  pressure  which 
it  exerts  upon  the  surrounding  unaffected  tissues,  and  partly  from 
the  centripetal  force  of  the  elastic  surrounding  tissues. 

There  is  difficulty  in  accounting  for  the  fortunate  tendency  of  an 
abscess  to  spread  towards  the  skin.  Some  writers  say  that  the  spread 
is  in  the  direction  of  least  resistance  ;  that  accounts  for  abscesses 
spontaneously  opening  into  bronchi,  intestines,  bladder,  pleura,  and 
veins,  causing  those  complications  which  would  naturally  follow  such 
accidents.  Action  of  muscles  and  pulsation  of  arteries  are  assumed 
to  be  capable  of  forcing  an  abscess  towards  the  external  surface 
by  vis  a  tergo. 

Natural  and  easy  pathways  no  doubt  aid  extension  to  the  skin. 
In  many  sections  of  acute  suppuration  in  skin  I  have  seen  the 
advancing  process  spreading  in  oblique  lines  towards  the  surface, 
these  lines  corresponding  to  the  site  of  the  lymphatic  vessels  which 
accompany  the  arteries  supplying  the  skin.  The  microscopical  appear- 
ances do  not  suggest  that  the  invading  process  is  being  pushed  into 
parts  unwilling  to  receive  it  ;  and  I  am  inclined  to  believe  that  local 
susceptibility  is  a  great  factor  in  influencing  the  direction  of  the  spread 
of  the  disease. 

Symptoms. — These  are  due  to  the  absorption  of  toxic  products, 
some  of  which  are  the  toxins  of  the  micro-organism  only,  while  others 
are  derived  from  the  poisonous  products  (autolysins)  of  the  body. 
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Local. — The  first  indication  of  trouble  is  a  sensation  of  tension 
in  the  part,  gradually  increasing  to  a  definite  throbbing  pain,  which 
is  exaggerated  when  the  part  is  dependent  and  diminished  when  it  is 
raised,  or  placed  in  warm  lotion.  Lowering  the  part  increases  venous 
congestion  ;  raising  it  diminishes  tlie  congestion  by  causing  a  reflex 
contraction  of  arterioles,  as  Lister  pointed  out,  and  by  gravitation 
emptying  the  veins.  Lister  also  showed  that  lowering  a  limb  causes 
a  reflex  vaso-dilatation.  Warm  lotion  supports  the  capillary  and 
venous  systems,  and  acts  as  a  counter-irritant.  There  is  extreme 
tenderness,  which  upon  the  slightest  touch  becomes  exquisite  pain. 
The  part  is  hot,  bright  red,  swollen  and  hard  ;  its  function  is  arrested. 
The  redness  disappears  on  pressure,  but  reappears  instantly  as  the 
pressure  is  removed.  As  the  lesion  matures,  this  reaction  becomes 
sluggish  ;  from  being  red  the  centre  becomes  blue,  and  soft  to  touch  ; 
this  is  the  first  trustworthy  sign  that  suppuration  has  begun.  The 
part  becomes  oedema tous,  and  the  swelling  grows  more  prominent 
and  tense  until  fluctuation  confirms  the  fluid  nature  of  its  contents. 
The  skin  covering  the  surface  becomes  thin,  shining  and  polished  by 
the  subjacent  pressure  of  the  increasing  abscess.  Around  the  tense, 
painful,  and  red  swelling  there  is  oedema,  which  gradually  disappears 
in  the  parts  farther  away  from  the  swelling.  The  central  thinning 
increases  till  the  skin  becomes  a  translucent  membrane,  through  which 
the  white  or  yellowish  pus  can  be  seen  presenting  the  familiar  spectacle 
of  a  "  pointing  "  abscess.  The  skin  at  this  stage  may  not  be  quite  so 
tense,  for  the  ulceration  of  its  deeper  layers  has  relieved  the  greatest 
tension.  The  diminution  of  tension  is  indicated  by  a  very  fine  network 
of  lines  or  wrinkles  which  can  be  seen  in  the  epithelial  surface  covering 
the  most  prominent  part  of  the  abscess.  The  abscess  is  quite  mature 
now,  and  upon  the  slightest  movement  or  trauma  will  burst. 

The  redness  disappears  immediately  upon  the  rupture  of  the 
abscess.  The  part,  which  up  to  this  time  has  been  held  rigidly  still 
by  unconscious  muscular  effort,  is  now  relaxed.  At  first  the  pus  flows 
freely  owing  to  the  internal  pressure  in  the  abscess  and  the  external 
pressure  exerted  by  the  elastic  tissues  around,  which  are  no  longer 
stretched  ;  contraction  of  muscles  in  the  immediate  neighbourhood 
also  aids  the  expulsion.  The  pain  and  swelling  gradually  subside, 
and  function  is  restored.  The  abscess  walls  gradually  fall  together 
from  want  of  support  and  fi-om  the  continued  contraction  in  the  tissues 
around  them. 

The  gross  clinical  signs  cease  to  be  apparent,  although  the  tissues 
which  formed  the  margin  of  the  abscess  still  contain  multitudes  of 
micro-organisms ;  the  time  of  the  complete  disappearance  of  the 
micro-organisms  varies  in  different  cases  from  days  to  years. 

The  lymphatic  vessels  which  drain  the  affected  part  may  or  may 
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not  be  seen  as  branching,  more  or  less  straight,  red  lines,  stretching 
from  the  area  of  disease  towards  the  nearest  lymphatic  glands  ;  they 
are  most  marked  in  streptococcic  and  acute  staphylococcic  lesions. 
The  nearest  lymphatic  glands  are  frequently  enlarged  and  tender, 
and  give  rise  to  a  sensation  of  local  stiffness.  The  lymphatic  vessels 
may,  however,  pass  the  nearest  glands  without  obviously  affecting 
them,  and  empty  into  more  distant  glands.  The  enlarged  glands 
may  become  adherent  to  each  other,  and  confluent  if  they  suppurate. 
If  suppuration  have  not  occurred,  the  adherent  glands  may,  upon 
subsidence  of  the  local  disease,  gradually  become  discrete  and,  after 
a  time,  possibly  as  long  as  a  year  or  two,  may  become  practically  nor- 
mal in  size.  Suppuration  may  appear  in  any  part  of  the  lymphatic 
vascular  tract  between  the  local  disease  and  the  lymphatic  glands. 
In  some  cases  of  lymphangitis  of  this  kind,  I  have  observed  that  bursa? 
intervening  between  a  lesion  and  the  lymphatic  glands  into  which  it 
drains  suppurate  as  if  they  were  in  direct  lymphatic  communication. 
The  bursa  patellae  in  one  case,  the  bursa  over  the  olecranon  process 
in  another,  and  the  bursa  under  the  gluteus  maximus  in  yet  another, 
I  have  seen  as  the  only  foci  of  secondary  suppuration.  In  the  case 
of  the  olecranon  bursa  there  was  no  suppuration  at  the  primary  seat 
of  infection.    All  were  cases  of  pure  streptococcus  infection. 

Constitutional. — The  profound  poisoning  is  attended  by  rapidly 
increasing  weakness,  loss  of  weight,  dry  tongue,  night  sweats,  and 
vomiting.  The  patient  looks  and  feels  ill,  and  may  fall  into  the  typhoid 
(  tate  ;  his  anxious  expression  and  occasional  mental  depression  are 
marked  and  suggestive  features  of  the  condition. 

Pyrexia. — One  of  the  commonest  and  earliest  constitutional  indi- 
cations of  impending  suppuration  is  a  rise  of  temperature  following 
a  rigor,  or  sensation  of  chilliness,  or  an  inclination  to  shiver.  Most 
suppurative  conditions  are  accompanied  by  fever,  but  the  absence  of 
fever  does  not  indicate  a  mild  infective  process.  Many  cases  of  severe 
and  even  fatal  illness  may  never  exhibit  fever  higher  than  99°  or 
100°  F.  The  height  of  the  fever  may  vary  in  different  cases,  although 
it  may  be  caused  by  the  same  micro-organism.  Fever  affords  no 
clue  to  the  identity  of  the  micro-organism.  It  is  due  to  the  products 
of  micro-organisms,  to  metabolic  substances,  and  possibly  also  to 
autolysins,  which  are  thrown  into  the  circulation  from  the  blood- 
cells  and  tissue-cells  killed  during  suppuration.  Eclampsia  with  its 
accompanying  fever  is  regarded  by  many  observers  as  being  due  to 
the  absorption  of  autolysins  which  are  developed  at  the  placental 
site. 

The  varieties  of  pyrexia  in  suppurative  processes  are  (1)  saprsemia, 
(2)  .septicasmia,  and  (3)  pytemia. 

1.  Saprcemia,  of  which  there  are  two  forms,  is  due  to  the  absorption 
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by  the  wound  of  the  products  of  micro-organisms.  The  micro- 
organism remains  fixed  in  the  diseased  part,  and  its  escape  into  the 
circulation  is  not  a  marked  feature. 

One  form  of  sapraunia  is  traumatic  or  surgical  fever,  in  which  the 
products  of  the  micro-organisms  are  capable  of  acting  adversely  uj^on 
the  living  and  dead  tissues  and  \\])oi\  the  fluids  of  the  part  (parasites). 
It  is  the  type  of  fever  most  commonly  seen  in  ordinary  practice  ;  in 
former  days  it  was  the  usual  result  of  operative  procedures — hence 
its  name.  There  may  be  an  initial  fall  of  temperature  to  about  97°  F., 
though  usually  the  temperature  rises  at  once  to  its  maximum  height 
of  about  103°  F.  At  that  point  it  may  remain  for  a  day  or  so,  then  it 
gradually  falls  at  the  rate  of  a  degree  daily  until  the  normal  level  is 
reached,  at  which  it  remains,  the  pyrexia  having  lasted  three  or  four 
days.  Traumatic  fever  is  oft,en  the  precursor  of  subsequent  more 
severe  types  of  pyi-exia. 

The  other  form  of  sapra-mia  nas  little  to  do  with  suppurative  pro- 
cesses. It  is  called  septic  intoxication,  and  is  due  to  the  absorption 
of  products  from  those  micro-organisms  which  are  capable  of  attacking 
dead  tissues  only  (saprophytes).  The  temperature  rises  to  about  103°  F., 
and  there  remains  until  the  dead  tissue  and  the  infecting  agent  are 
removed. 

2.  Acute  septicceniia. — The  micro-organisms  are  parasitic.  They  are 
not  only  in  the  site  of  suppuration,  but  they  have  escaped  into  the 
blood  and  tissues  of  the  body,  and  are  there  active.  Hence  this  is  a 
more  serious  condition  than  traumatic  fever.  There  are  never  any 
secondary  foci  of  suppuration,  and,  although  acute  septicaemia  accom- 
panies some  suppurative  processes,  a  primary  focus  of  sup2)uration  is 
not  essential.  Acute  septicaemia  may  kill  an  animal  in  seven  hours 
after  injection  with  streptococcus,  and  show  no  signs  of  suppuration  at 
the  site  of  inoculation  or  anywhere  else.  Acute  septicaemia  in  animals 
is  more  typical  than  in  man.  The  blood  and  some  viscera  (liver,  lungs, 
spleen)  may  be  found  teeming  with  bacteria  in  animals  which  have 
died  in  a  state  of  acute  septicaemia,  but  in  man  this  is  not  a  very  marked 
feature.  The  heart-blood  and  viscera  may  or  may  not  be  able  to  pro- 
vide material  even  for  a  culture  of  the  micro-organism.  The  number 
of  micro-organisms  in  the  blood  and  tissues  of  man  bears  little  or  no 
comparison  to  their  universal  and  overwhelming  presence  in  animals. 

The  condition  of  acute  septicaemia  may  begin  and  end  charac- 
teristically, or  it  may  follow  traumatic  fever  immediately  or  after  an 
interval  of  a  few  da3^s  during  which  the  temperature  may  have  been 
normal.  When  acute  septicemia  is  established,  the  temperature 
rises  to  about  104°  F.  ;  it  may  remit  a  degree  or  so  during  the  day, 
but  it  rises  again  at  night,  and  never  falls  to  or  below  normal  until 
recovery  occurs.    The  temperature,  therefore,  is  of  a  remittent,  not 
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-of  an  intermittent  character.  Its  decline  is  usually  gradual  (lysis), 
or  it  may  be  abrupt  (crisis).  If  death  should  supervene,  a  patient 
may  die  in  a  state  of  hyperpyrexia,  and  the  temperature,  it  is  said, 
may  rise  a  degree  or  so  immediately  after  death.  In  some  cases  of 
very  profound  toxemia  the  temperature  may  be  subnormal,  especially 
before  death.  Rigors  rarely  occur  in  this  form  of  disease  unless  it  be 
associated  with  pysemia.  If  there  be  no  pysemic  complication,  secondary 
abscesses  do  not  occur. 

The  disease  may  be  caused  by  many  organisms,  but  is  usually 
associated  with  streptococci.  The  lesion  through  which  the  virus  has 
gained  entrance  is  frequently  small,  and  may  escape  notice  altogether  ; 
it  may  follow  a  scratch  inflicted  during  the  handling  of  infected  dead 
animal  tissues,  or  occasionally  even  during  operations,  or  it  may 
follow  cellulitis,  erysipelas,  or  gangrene. 

Clinically,  the  patient  shows  symptoms  of  acute  toxaemia  and  high 
fever.  He  is  usually  flushed,  though  in  the  severest  forms  and  later 
stages  he  is  often  very  pale,  and  may  be  tinged  with  yellow.  He 
suffers  from  headache,  malaise,  anorexia,  albuminuria,  and  usually 
cliarrho3a.  Blood  may  be  found  in  the  urine  and  perhaps  in  the 
stools,  and  there  may  be  a  petechial  rash.  The  nerve  centres  are 
poisoned  ;  the  patient  becomes  delirious,  dyspnoeic,  comatose,  and 
dies. 

The  prognosis  of  acute  septicfemia,  when  once  definitely  estab- 
lished, is  extremely  unfavourable.  A  very  large  proportion  of  the 
patients  die. 

Hectic  fever,  or  chronic  sefticmnia. — This  form  of  fever  also  may 
be  introduced  by  an  initial  traumatic  fever,  but  instead  of  the  tem- 
perature remaining  normal,  it  rises  about  six  o'clock  in  the  evening 
to  between  101°  and  102°  F.,  and  in  the  morning  it  is  normal,  or  even 
subnormal.  It  is  associated  with  chronic  suppurative  processes.  It 
is  accompanied  by  night  sweats  and  dryness  of  the  tongue,  and 
lardaceous  disease  is  often  a  marked  feature  when  hectic  fever  has 
lasted  for  some  months. 

Hectic  fever  is  due  to  the  action  of  micro-organisms  which  remain 
mostly  in  the  diseased  part  ;  they  can  be  detected  in  the  blood  only 
with  the  utmost  difficulty. 

3.  Pycemia,  like  septicaemia,  with  which  it  may  be  associated,  is  a 
dangerous  disease  ;  it  is  probably  the  more  dangerous  of  the  two. 
It  may  be  caused  by  any  of  the  pyogenetic  organisms,  perhaps 
most  commonly  by  staphylococci.  Pyaemia  is  always  associated 
with  an  infected  thrombosis  of  the  veins  at  the  seat  of  infection, 
and  is  especially  liable  to  follow  septic  invasion  of  venous  sinuses 
in  the  cranium  or  the  puerperal  uterus,  or  of  bones.  The  emboli 
which  separate  from  a  disintegrated  thrombus  are  the  causes  of  the 
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secondary  abscesses  which  form,  chiefly  in  the  lungs,  and  which  are 
a  distinctive  feature  of  this  disease.  Occasionally  it  is  associated 
with  malignant  endocarditis,  as  the  result  of  detachment  of  infective 
emboli. 

Clinically,  the  fever  in  this  condition  may  or  may  not  be  initiated 
by  traumatic  fever,  and  the  normal  temperature  may  even  have  been 
reached  and  maintained  for  about  eight  days,  when  suddenly  the 
patient  suffers  from  a  rigor,  which  may  be  prolonged  for  about  half 
an  hour.  The  rigor  is  followed  by  a  rise  of  temperature,  to  104°  F., 
which  falls  in  an  hour  or  so  to  normal,  or  even  below  normal  ;  the  fall 
of  temperature  is  accompanied  by  profuse  perspiration  and  sensation 
of  warmth,  after  which  the  patient  will  feel  well  and  comfortable  again. 
In  severe  cases  the  patient  soon  experiences  another  rigor  ;  this  may 
be  repeated  many  times  in  twenty-four  hours  ;  or,  in  milder  cases, 
the  rigors  recur  at  longer  intervals,  say,  once  a  week  or  a  fortnight. 
The  tongue  is  dry,  and  red  or  brown,  and  the  breath  has  a  curious 
sweet  odour  that  has  been  compared  to  that  of  hay.  The  skin  is  hot, 
of  a  dull,  pale  colour,  and  may  show  rashes  of  an  erythematous  or 
petechial  character,  or  sometimes  tender  hypertemic  areas  that  are 
probably  the  manifestation  of  lodgment  of  emboli  that  have  not 
progressed  to  definite  abscess-formation.  The  rigors  are  followed  in 
from  three  to  five  days  by  the  appearance  of  secondary  abscesses, 
which  sometimes  are  characterized  by  a  rapid,  insidious,  and  com- 
paratively painless  development.  In  the  typical  acute  cases,  patients 
usually  die  in  about  fourteen  days,  having  suffered  constantly  from 
severe  rigors.  The  condition  is  associated  with  wedge-shaped  ha-mor- 
rhagic  infarcts  in  the  lungs,  Avhich  soon  become  purulent  ;  but  other 
parts,  such  as  pleura^,  joints,  brain,  liver,  spleen,  kidneys,  heart  muscle, 
pericardium,  and  endocardium,  may  be  affected  later.  In  pya-mia 
arising  from  a  focus  in  the  portal  system,  the  liver  is  the  primary  site 
of  lodgment  of  the  emboli. 

Clironic  pycemia  is  a  condition  in  which  there  are  no  infective 
thrombi  and  no  embolic  foci  of  suppuration  such  as  are  typical  of 
true  pya?mia  ;  but  a  secondary  collection  of  jjus  may  occur  in  any 
part  of  the  body,  notably  in  the  subcutaneous  and  intermuscular 
tissues,  and  is  probably  due  to  those  micro-organisms  which  are  occasion- 
ally carried  aliout  by  the  blood  during  infective  processes  finding  a 
suitable  nidus.  The  fever  and  toxic  symptoms  are  of  a  milder  character 
and  the  prognosis  is  more  favourable  than  in  true  pyaemia,  provided 
the  abscesses  are  in  accessible  positions,  and  the  general  strength  of 
the  patient  is  fair.  The  temperature  of  patients  suffering  from  chronic 
py;cmia  may  be  exceedingly  variable. 

Degenerations. — Suppuration  may  give  rise  to  cloudy  swelling, 
and  to  fatty,  hyaline,  and  amyloid  degererations. 
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Amyloid  disease  occurs  chiefly  in  cases  of  prolonged  suppuration, 
and  practically  always  affects  several  organs — first  either  the  spleen 
or  the  liver,  then  the  kidney,  less  often  the  small  intestine,  and  other 
organs  or  tissues. 

The  homogeneous  newly-formed  material  is  deposited  in  the 
cardio-vascular  system,  and  as  the  disease  advances  the  functional 
cells  atrophy  from  pressure  and  probably  also  from  a  diminution  of 
the  blood  supply. 

The  affected  organ  is  enlarged,  firm  and  pale,  with  a  semitranslucent, 
waxy  appearance.  In  the  case  of  the  spleen  the  Malpighian  bodies 
may  be  affected  chiefly,  giving  rise  to  the  condition  called  "  sago  spleen," 
or  the  walls  of  the  vascular  sinuses  in  the  pulp  may  show  the  more 
advanced  change.  In  the  capillaries  the  disease  is  outside  the  endo- 
thelial lining,  which  may  show  fatty  degeneration.  In  larger  arteries 
the  deposition  and  infiltration  occur  in  the  delicate  fibrous  tissue  of 
the  middle  (muscular)  coat.  In  advanced  amyloid  disease  the  con- 
nective tissue  in  other  situations  may  also  be  affected. 

The  blood  in  suppuration. — The  blood  pressure  may  be 
subject  to  slight  variations.  T.  G.  Brodie  and  I  demonstrated  a  marked 
fall  of  pressure  on  injecting  into  the  veins  large  doses  of  a  culture  of 
staphylococcus. 

In  suppuration  many  changes  are  induced  in  the  blood  and  tissues 
in  connexion  with  (1)  the  cell  element,  (2)  the  plasma  element. 

1.  The  cell  element,  i.  Leucocytosis.- — In  suppuration,  not  due 
to  actinomyces  or  B.  tuberculosis  or  B.  typJiostis,  leucocytosis  is  marked 
unless  the  disease  be  rapidly  fatal  or  of  a  profoundly  toxic  type,  in 
which  case  it  is  absent,  or  the  leucocytes  are  diminished  in  number 
(leucopsenia).  In  a  common  type  of  case  leucocytosis  increases  with 
the  development  of  the  disease  ;  it  subsides  shortly  after  the  disease 
has  disappeared,  when  the  number  of  leucocytes  may  be  fewer  than 
normal.  The  presence  of  marked  leucocytosis  is  a  valuable  sign  ; 
by  some  it  is  considered  sufficient  to  justify  a  good  prognosis.  In 
those  cases  which  ought  to  show  a  leucocytosis,  but  which  actually 
show  a  leucopsenia,  the  prognosis  is  decidedly  bad.  The  presence  of 
leucocytosis  is  a  valuable  indication  in  the  diagnosis  of  cases  where 
suppuration  is  occurring  in  obscure  parts,  and  its  presence  or  absence 
is  of  value  in  prognosis. 

ii.  Phagocytosis. — In  suppurative  changes  the  products  of  micro- 
organisms give  off  substances  which  induce  an  active  migration  and 
proliferation  of  leucocytes.  All  leucocytes  possess  the  power  of  ingesting 
micro-organisms,  but  the  lymphocytes  and  eosinophile  leucocytes  do 
not  possess  it  to  a  great  degree.  Although  the  polynuclear  neutrophile 
leucocytes  are  the  most  active  phagocytes,  they  exhibit  marked 
variations  in  the  number  of  micro-organisms  individual  cells  take  up. 
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Besides  the  leucocytes,  endothelial  cells  are  phagocji;ic,  perhaps  more 
so  than  any  other  tissue  cell.  Giant  cells,  which  are  probably  derived 
from  endothelium,  are  also  phagocytic.  In  supjjurations  due  to  the 
gonococcus,  epithelial  cells  share  in  phagocytosis. 

Besides  the  inclusion  and  digestion  of  micro-organisms,  phagoc}i;es 
can  also  absorb  cells  which  are  foreign  to  the  body,  cells  killed  in  the 
process  of  suppuration,  red  blood-corpuscles,  foreign  bodies  (sponge, 
ligatures,  etc.),  and  they  are  capable  of  removing  small  necrotic  areas. 
The  reader  is  referred  to  the  section  on  Immunity  (p.  27),  where  he  will 
see  that  protection  and  recovery  from  infective  diseases,  although 
closely  associated  with  phagocytosis,  is  not  a  simple  matter  of  cell 
incorporation  and  intracorporeal  digestion.  All  cells  are  important 
in  establishing  active  acquired  immunity. 

There  can  be  no  doubt  that  in  suppurative  conditions  phagocytosis 
bears  a  very  important  part  in  the  fight  for  life  and  eventual  recovery 
of  the  patient.  What  that  part  is,  in  the  light  of  present  knowledge, 
will  be  found  set  out  in  the  section  on  Immunity.  All  that  need  be 
said  here  is  that  phagocytosis  is  most  markedly  observed  in  the  cells 
of  pus  ;  that  in  the  liver  and  spleen  the  micro-organisms  can  be  seen 
incorporated  in  leucocytes  quite  early  in  the  disease  ;  and  that  the 
same  process  can  be  seen  occurring  in  the  blood  stream — a  fact  more 
noticeable  in  the  more  severe  cases. 

iii.  Anceinia  is  a  very  constant  accompaniment  of  sujipurative 
processes,  and  no  doubt  is  in  part  clue  to  a  solution  or  destruction 
of  the  hfemoglobin  in  the  red  blood-corpuscles  by  the  luemolytic  sub- 
stances formed  by  micro-organisms. 

2.  The  fluid  element. — In  the  blood-serum,  as  in  the  pus,  in 
cases  of  suppuration,  the  specific  toxin  of  the  invading  micro-organism, 
the  by-products  of  bacterial  metabolism,  and  other  poisonous  substances 
which  result  from  the  autolysis  of  cells  killed  in  the  process,  are  present. 
Besides  these  substances  the  blood-serum  may  contain  antitoxins, 
opsonins,  agglutins,  bacteriolysins,  precipitins,  and  aggressins. 

Diagnosis — It  must  not  be  assumed,  because  a  swelling  contains 
a  thick  white  or  yellowish  fluid,  that  it  is  the  result  of  suppuration, 
and  that  the  fluid  is  pus.  Fluids  with  these  properties  are  seen  in 
dermoid  and  sebaceous  cysts  ;  and  I  have  seen  malignant  disease  of 
the  breast  diagnosed  as  a  purulent  condition  on  the  assumption  that 
the  thick  yellow  fluid  in  the  centre  of  the  growth  was  pus,  but  on 
microscopic  examination  the  cells  of  the  fluid  were  found  to  be  epithelial 
and  leucocyt.es  were  absent.  Chylous  fluid  might  give  rise  to  error  in 
diagnosis.  I  have  seen  the  carpo-metacarpal  joint  of  the  thumb  of 
a  man  suft'ering  from  gout  full  of  fluid  which,  on  extraction,  looked 
like,  and  was  assumed  to  be,  pus  ;  but  under  the  microscope  the  solid 
elements  were  found  to  be  only  acicular  crystals  of  uric  acid. 
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The  presence  of  an  acute  circumscribed  abscess  can  be  readily 
recognized  by  the  signs  and  symptoms  already  described.  I  will 
mention  a  few  of  the  fluctuating  swellings  from  which  it  should  be 
easily  distinguished.  Although  Jtcematoma  has  a  fluctuating  centre 
and  an  oedematous  margin,  and,  if  the  swelling  be  a  large  one,  there  may 
be  leucocytosis,  it  differs  from  abscess  in  its  sudden  appearance  after 
injury  (which  may  be  slight  in  haemophiha),  in  the  absence  of  pain, 
heat,  redness,  pyrexia,  constitutional  depression,  and  enlarged  lymphatic 
glands.  On  the  same  lines,  distended  gall-bladder  and  urinary  bladder, 
collections  of  synovial  fluid,  and  serous  effusions  can  be  diagnosed  readily 
from  acute  circumscribed  abscess.  Also,  synovial  and  serous  effusions 
of  a  non-infective  nature  allow  more  functional  activity  than  in  the 
suppurative  conditions.  The  association  of  an  abscess  with  an  aneurysm 
may  be  diflicult  to  diagnose  ;  many  such  cases  have  been  opened  in 
error,  especially  in  cases  of  ulcerative  endocarditis,  where  infected 
emboli  have  blocked  the  lumen  and  softened  the  walls  of  arteries, 
e.g.  at  the  bifurcation  of  the  brachial  artery  ;  but  the  real  state  of 
things  can  be  determined  definitely  by  a  careful  consideration  of  the 
history  of  the  case,  by  the  suspicious  anatomical  relation  to  a  big 
artery,  and  by  the  additional  signs  which  may  be  present  and  which 
are  indicative  of  a  dilated  blood-vessel.  Dermoid,  hydatid,  sebaceous, 
and  other  cysts  ivJiich  are  undergoing  acute  suppuration  are  often 
impossible  to  diagnose  from  an  uncomplicated  acute  circumscribed 
abscess  ;  the  history  of  the  case,  and  proper  examination  of  the  contents 
and  margins  of  the  lesion,  should  determine  exactly  the  real  nature  of 
the  disease. 

No  surgeon  ought  to  be  satisfied  to  make  a  diagnosis  merely  of 
acute  circumscribed  abscess  or  acute  diffuse  suppuration  ;  that  is  not 
an  exact  diagnosis,  for  the  condition  may  be  caused  by  many  agents, 
and  specific  treatment  may  be  indicated  by  the  discovery  of  the  actual 
micro-organisms  of  invasion.  The  prognosis,  too,  depends  upon  the 
knowledge  as  to  which  of  many  micro-organisms  the  patient  is 
actually  fighting.  The  clinical  signs  may  help  the  diagnosis,  but  they 
cannot  be  trusted,  and  should  always  be  controlled  by  a  complete 
bacteriological  examination.  For  instance,  a  localized  acute  abscess, 
such  as  a  boil  or  carbuncle,  is  more  frequently  due  to  a  staphylococcus 
than  to  any  other  infection,  but  an  analogous  condition  may  be  induced 
by  B.  typhosus.  When  a  localized  abscess  is  complicated  by  extensive 
lymphangitis  it  may  be  a  streptococcus  lesion,  but  as  marked  a  lymph- 
angitis may  be  the  result  of  a  highly  virulent  staphylococcus.  On  the 
other  hand,  even  a  virulent  streptococcus  may  be  extremely  local  in 
its  action. 

A  complete  bacteriological  examination  must  take  account  of 
(1)  the  blood,  (2)  the  pus  and  the  abscess  wall. 
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1.  In  the  examination  of  the  blood  its  opsonic  index  may  be 
estimated  and  the  leucocytes  counted,  and  especially  cultures  should  be 
made  from  it.  The  amount  of  blood  withdrawn  for  examination  should 
be  from  5  to  10  c.c.  Care  should  be  taken  to  determine  the  aggluti- 
nating jsroperty  of  the  serum  towards  the  suspected  micro-organism ; 
this  is  especially  valuable  in  case  of  B.  typhosus  (Widal's  reaction),  B. 
pyoc/jcmeus,  and  B.  coli.  In  staphylomycosis  and  streptomycosis  I 
have  not  been  able  to  satisfy  myself  that  the  application  of  homologous 
serums  aids  the  diagnosis. 

2.  In  most  cases  of  acute  circumscribed  and  acute  diffuse  suppuration 
examination  of  the  pus  alone  will  afford  all  the  evidence  needed,  but 
a  more  certain  method  of  demonstrating  the  micro-organism  is  to 
examine  a  scraping  from  the  margin  of  the  abscess  cavity.  The 
examination,  to  be  complete,  should  include  staining,  growth  on  artificial 
media,  plate  cultivation,  and  inoculation  into  animals.  It  should  be 
conducted  in  all  cases  in  which  the  least  doubt  exists,  and  in  those 
cases  in  which  recovery  does  not  occur  as  rapidly  as  the  surgeon  would 
expect,  and  where,  possibly,  a  more  serious  infection  exists  than  that 
which  he  believed  he  was  treating.  But  to  examine  the  blood,  and 
stain,  cultivate,  and  inoculate  the  tissues  into  animals,  in  every  case 
of  suppuration,  is  not  possible  in  ordinary  practice.  The  minimum 
practice  should  be  to  stain  jdus  or  a  scraping  from  the  margin  of  the 
disease  in  all  cases  of  suppuration  ;  should  the  clinical  behaviour  of 
the  case  correspond  to  the  usual  results  caused  by  the  micro-organism 
discovered,  nothing  more  need  be  done  unless  a  vaccine  for  its  treat- 
ment be  desirable  :  in  this  case  a  culture,  and  probably  a  plate  culture, 
must  be  made. 

Treatment. — The  treatment  both  of  acute  circumscribed  abscess 
and  of  acute  diffuse  suppuration  must  be  (1)  local,  and  (2)  consti- 
tutional. 

1.  Local,  i.  Preventive. — It  has  been  suggested  that  as  a  part 
of  the  preparation  of  cases  for  operation,  where  the  wound  is  likely 
to  suppurate  on  account  of  its  proximity  to  septic  sources,  a  preliminary 
injection  of  antitoxic  serum  or  vaccine  should  be  given.  Unfortunately 
it  is  not  as  yet  possible  to  obtain  an  antitoxic  serum  that  protects 
an  animal  with  any  degree  of  certainty  from  the  toxins  produced 
by  any  of  the  micro-organisms  which  induce  suppuration.  Anti- 
streptococcic serum,  in  my  experience,  is  practically  valueless.  The 
same  may  be  said  of  a  serum  which  W.  Bulloch  and  I  obtained  from 
a  horse  that  we  inoculated  with  staphylococcus  ;  the  serum  obtained 
was  quite  ineffectual  either  as  a  preventive  or  as  a  curative  agent. 

A  more  hopeful  preventive  of  suppuration  than  any  antitoxic 
serum  is  the  preliminary  inoculation  of  vaccines,  and  perhaps  in  cases 
where  extensive  and  dangerous  suppuration  is  expected  it  would  be 
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wise  to  inject  the  vaccines  of  staphylococcus  and  streptococcus  before 
operation.  It  must  be  remembered  that  there  is  a  negative  phase 
after  the  injection  of  each  vaccine  ;  during  this  the  patient  is  more 
susceptible  to  the  effects  of  those  micro-organisms  against  which 
protection  has  been  attempted.  Among  the  practical  difficulties 
which  arise  in  connexion  with  this  matter  is  the  fact  that  there  are 
so  many  micro-organisms  against  which  a  surgeon  would  like  to  protect 
his  patient  before  operation.  Each  vaccine  will  protect  the  patient 
against  its  own  micro-organism  only,  each  has  a  negative  phase,  and 
in  many  cases  the  artificial  immunity  induced  is  of  very  short  duration. 
However,  it  would  be  the  duty  of  every  surgeon  to  disregard  these 
difficulties,  and  adopt  the  procedure  in  all  cases  if  there  were  strong 
practical  reasons  for  doing  so.  But,  as  a  matter  of  fact,  the  observance 
of  correct  antiseptic  principles  and  methods  is  able,  in  most  cases, 
to  overcome  all  the  septic  complications  which  are  likely  to  arise  in 
ordinary  practice.  I  adopted  the  preliminary  preparation  by  vaccine 
treatment  in  tongue,  mouth,  and  rectal  operations  ;  in  these  cases 
the  vaccines  of  the  staphylococcus,  streptococcus,  and  colon  bacillus 
were  administered  ;  but  I  cannot  say  that  the  cases  did  better 
than  those  in  which  only  antiseptic  measures  were  used.  There 
can  be  no  doubt  that  in  some  cases  it  would  be  well  to  prepare  the 
patient  by  the  administration  of  vaccines,  in  the  hope  of  diminish- 
ing the  risk  of  the  evil  effects  which  miglit  result  from  dissemination 
of  micro-organisms — cases,  for  instance,  of  B.  mallei  and  B.  tuberculosis. 

Whether  a  patient  suffering  from  an  extensive  lacerated  injury 
should  be  subjected  to  the  vaccine  treatment  to  render  him  immune 
to  possible  infection  is  a  question  to  be  considered,  but  in  the  vast 
majority  of  cases  the  surgeon  will  secure  perfect  results  by  adopting 
ordinary  antiseptic  precautions. 

ii.  Palliative. — The  importance  of  rest  cannot  be  exaggerated  in 
all  stages  of  infective  processes.  This  can  be  effected  by  the  aid  of 
splints,  etc.  In  addition  to  resting  the  part,  two  different  methods 
of  paUiative  treatment  have  to  be  considered — hot  fomentations  and 
Bier's  hypersemic  treatment. 

Hot  fomentations. — The  parts  should  be  shaved,  and  the  skin  of 
the  diseased  and  neighbouring  areas  purified.  The  fomentation  cloth 
should  be  boric  lint  or  cyanide  gauze  ;  after  being  wrung  out  of  a 
boiling  solution  of  perchloride  of  mercury  (1-8,000),  and  laid  on 
the  prepared  parts,  it  should  be  covered  with  sterilized  macintosh 
so  that  the  cover  overlaps  the  hot  cloth  for  three-quarters  of  an 
inch  all  the  way  round  its  edge  ;  this,  again,  should  be  covered 
with  antiseptic  wool,  such  as  saHcylic  or  double  cyanide  wool,  and 
gently  bandaged  ;  where  possible  a  many-tailed  bandage  should  be 
used,  as  it  saves  imnecessary  manipulation  of  a  very  painful  part. 
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A  warning  should  be  given  against  the  use  of  carbohc  fomentations  on 
fingers  and  toes,  where  locaUzed  gangrene  may  be  caused  by  the  use 
of  this  dressing.  A  limb  should  be  raised  and  put  on  a  splint  in 
the  position  in  which  it  is  most  comfortable  ;  all  natural  hollows 
between  limb  and  splint  should  be  carefully  padded.  In  these  cir- 
cumstances, should  the  abscess  burst,  the  pus  will  come  in  contact 
only  with  puriiied  parts  and  dressings. 

Spongiopilin  may  be  used  instead  of  the  fomentation  cloth  and 
macintosh.  Antiphlogistin  and  Unna's  88-plaster  are  said  to  possess 
valuable  palliative  properties. 

It  is  hardly  necessary  to  state  that  poultices  made  with  bran, 
bread,  linseed,  carrot,  onion,  charcoal,  etc.,  are  not  to  be  employed. 

Bier's  hyperwuiic  treatment. — The  employment  of  this  method  is 
increasing.  My  own  experience  is  limited.  I  consider  that  some  of 
its  aspects  are  open  to  serious  theoretical  objections.  Many  of  its 
admirers  are  giving  it  up  in  the  treatment  of  erysipelas  and  other 
streptococcic  infections  ;  they  also  do  not  advise  its  employment  when 
there  are  varicose  veins  and  other  venous  conditions  ;  and  they  con- 
sider its  use  is  unwise  in  diabetes,  and  that  it  should  not  be  used  in 
diseases  of  the  head  and  neck  where  arterio-sclerosis  exists.  It  requires 
great  care  and  continual  supervision  in  all  but  the  least  serious  infective 
processes,  and  much  skill  and  experience  are  necessary  for  its  proper 
administration.  The  object  of  the  treatment  is  to  imitate  and 
encourage  the  benefits  obtained  in  the  early  stages  of  inflammation, 
so  the  parts  are  congested  and  flushed  out  by  inducing  a  passive  and, 
in  some  cases,  an  active  hypera?mia.  When  applying  the  passive 
hyperfemic  method,  the  parts  must  not  be  made  white  or  blue  ;  the 
arterial  system  must  not  be  obstructed.  There  must  be  no  increase 
of  pain  ;  Q?dema  must  be  shght  and  transient,  or,  better,  it  ought  not 
to  occur.  The  congestion  must  be  intermittent;  as  a  broad  rule  it 
may  be  applied  once  a  day,  for  from  twenty  minutes  to  an  hour. 
The  methods  of  application  are  three — [a)  bandaging,  (h)  suction,  (c) 
hot  air. 

{a)  Bandaging. — This  is  applied  to  the  extremities,  scrotum,  head 
and  neck.  Martin's  indiarubber  bandage  wrapped  four  or  five  times 
round  the  limb  with  one-third  overlap  is  the  best  in  the  case  of  limbs. 
Tourniquet  rubber  is  best  for  the  hips  and  shoulders  ;  any  bony  pro- 
minences on  which  it  might  press  unduly  are  protected  by  pads.  Garter 
elastic  is  best  for  use  in  the  head  and  neck  ;  pads  should  be  placed 
to  compress  the  internal  jugular  vein  ;  the  same  form  of  elastic  should 
be  used  in  scrotal  and  testicular  lesions.  All  bandaging  should  be 
between  the  heart  and  the  affected  parts. 

(h)  Suction. — This  can  be  effected  by  means  of  cupping  glasses — 
to  which  a  means  of  exhaust  is  attached — of  various  shapes  that  fit 
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difierent  parts  ;  it  is  employed  where  bandaging  is  impossible,  as  in 
pelvic  and  surface  lesions.    Suction  is  applied  to  the  lesion  itself. 

(c)  Hot  air  can  be  applied  by  means  of  hot-air  chambers  at  a 
temperature  of  200°  to  250°  F.,  or  a  part  may  be  douched  with  hot  air. 
This  is  the  form  of  treatment  by  means  of  which  active  hyperfemia  is 
induced.  By  many  surgeons  it  is  regarded  as  dangerous  in  tuber- 
culous lesions. 

In  the  li}q3er£emic  treatment  early  diagnosis  is  essential,  for  it  is 
regarded  as  abortive,  as  well  as  palhative  and  curative.  General 
principles  of  antisepsis  should  be  rigidly  adhered  to.  Prolonged  rest 
is  not  essential.  Carbuncles,  boils,  abscesses,  empyema,  infected 
wounds,  mastitis,  synovitis,  tuberculosis,  and  osteo-myelitis  are  all  fit 
diseases  for  its  application.  Special  parts  require  special  methods 
of  appUcation  with  regard  to  rest,  length  of  time,  extra  surgical  inter- 
ference, and  so  forth. 

iii.  Operative. — Directly  the  presence  of  pus  is  determined  the 
abscess  should  be  opened.  All  the  steps  should  be  taken  which  are 
commonly  adopted  in  ordinary  sterilization  of  the  hands  of  the  operator, 
skin  of  patient,  instruments,  etc.  The  fact  that  the  surgeon  is  dealing 
with  a  case  in  which  infection  is  present  affords  no  reason  for  relaxing 
his  endeavours  to  keep  out  other  infective  agents. 

The  site  usually  selected  for  the  incision  is  that  part  of  the  abscess 
where  the  skin  is  thinnest,  i.e.  where  the  abscess  is  "  pointing."  The 
direction  of  the  incision  should  be  parallel  to  important  vessels,  nerves, 
and  ducts,  to  avoid  wounding  them.  The  length  of  the  incision  must 
be  sufficient  to  admit  a  small  sponge,  wrung  as  dry  as  possible  from  a 
solution  of  perchloride  of  mercury  (1-2,000)  or  other  antiseptic,  to 
break  down  septa  that  may  separate  recesses  from  the  main  cavity, 
and  to  remove  as  much  of  the  necrotic  tissue  as  may  be  detached 
easily  from  the  inside  of  the  lesion.  If  a  finger  be  introduced  into 
the  cavity  to  break  down  the  septa,  the  surgeon  should  wear  an  india- 
rubber  glove,  in  justice  to  his  other  cases.  The  question  of  drainage 
is  discussed  below.  Rest  and  splinting  should  be  continued,  and 
the  parts  should  be  dressed  with  gauze,  or  the  hot  fomentations  can 
be  continued  if  pain  is  severe. 

The  abscess  will  usually  recover  completely  and  rapidly  ;  but  if 
it  do  not,  antitoxin,  vaccine,  and  Bier's  hyperaemic  treatment  should 
be  adopted  as  the  symptoms  and  position  of  the  abscess  indicate. 

In  carbuncle  there  is  so  much  necrotic  tissue  that  an  incision  is 
not  enough  to  evacuate  the  contents  ;  hence  complete  and  wide  excision 
is  the  best  treatment.  Some  surgeons  prefer  to  incise  the  carbuncle 
and  scrape  away  the  necrotic  tissue  with  a  sharp  spoon,  or  to  remove 
it  gradually  by  repeated  suction  by  one  of  Bier's  sterilized  dry  cups. 
Removal  by  means  of  a  sharp  spoon  is  the  shorter  and  more  efficacious 
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method  of  the  two.  Some  surgeons  apply  pure  carbolic  acid  to  the 
tissues  surrounding  the  inside  of  the  cavity  after  scraping  away  the 
necrotic  tissue,  but  in  ordinary  staphylococcus  lesions  this  is  quite 
unnecessary.  The  hopes  of  killing  micro-organisms  liberated  by  the 
scraping  process  are  hardly  justifiable,  whatever  application  may  be 
employed.  In  practice  I  have  had  better  results  from  using  fuming 
nitric  acid  than  pure  carbolic  acid  in  acute  suppurations  due  to  B. 
mallei.  The  nitric  acid  may  induce  a  greater  flow  of  serum  than  the 
carbolic  acid,  so  the  better  results  obtained  may  be  explained  by  the 
encouragement  of  conditions  which  stimulate  local  immunity  rather 
than  by  the  destruction  of  micro-organisms. 

Drainage. — The  best  drainage  is  obtained  by  the  use  of  india- 
rubber  tubing,  as  large  as  possible,  and  perforated  at  intervals.  Small 
holes  are  essential  in  abdominal  work,  as  I  have  seen  a  coil  of  intestine 
fixed  irreducibly  in  a  large  hole  made  in  a  large  tube.  After  insertion , 
the  external  extremity  should  be  level  with  the  skin  surface,  and  a  loop 
of  silkworm  gut  should  be  tied  in  the  tube  to  act  as  a  guide  in  case  it 
disappears  within  the  cavity  ;  for  want  of  this  precaution  tubes  have 
been  lost  in  the  antrum  of  Highmore,  the  pleural  and  peritoneal  cavities, 
and  have  given  rise  to  prolonged  suffering  in  consequence.  Drainage 
is  essential  in  abscesses  which  are  deeply  situated  and  in  bony  cavi- 
ties ;  but  in  the  ordinary  superficial  abscess  of  soft  parts  drainage, 
except  for  a  very  short  period,  is  unnecessary  ;  in  fact,  it  is  contra- 
indicated,  because  the  tube  forms  a  convenient  pathway  down  which 
contaminating  micro-organisms  can  gain  access.  To  prevent  a  drainage- 
tube  from  becoming  a  channel  for  the  growth  of  micro  organisms  from 
the  skin,  I  have  adopted  the  plan  of  wrapping  double  cyanide  gauze 
like  a  collar  round  the  extremity  of  the  tube  which  is  in  contact  with  the 
skin.  After  a  few  hours  the  tube  only  drains  the  cavity  which  it  fills  ; 
and,  moreover,  being  hfeless,  it  possesses  no  intrinsic  power  to  aid  local 
immunity.  In  fact,  I  have  constantly  observed  that  so  long  as  a  tube  is 
present  the  micro-organisms  which  caused  the  disease  can  be  found  on  it 
and  in  a  highly  virulent  condition,  and  that  the  discharge  of  serum 
rapidly  ceases  on  removing  the  tube.  Gauze  "  wicks  "  do  more  to  dam 
up  a  wound  than  to  drain  it.  If  it  be  feared  that  the  epithehal  surfaces 
in  contact  with  one  another  may  obstruct  the  outflow  of  an  abscess 
cavity,  an  elliptical  excision  of  the  opposing  surfaces  will  prevent  it, 
and  obviate  the  necessity  for  a  tube.  Many  abscesses,  such  as  those 
due  to  B.  tuberculosis  or  to  pneumococcus  in  pure  culture,  do  well  if 
stitched  up  again  after  being  emptied. 

Hilton's  method  of  opening  an  abscess  is  employed  when  pus  has 
collected  near  important  structures,  e.g.  the  blood-vessels  and  nerves 
of  the  neck.  An  incision  is  made  in  the  skin,  then  a  closed  sinus 
forceps  is  forced  through  the  intervening  tissues  into  the  abscess  cavity, 
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and  the  blades  are  opened  in  the  direction  parallel  to  the  structures 
which  the  surgeon  desires  to  avoid. 

Dressing. — The  wound  should  be  dressed  witli  double  cyanide 
gauze.  For  the  first  few  hours  sterilized  green  protective  should 
cover  the  lips  of  the  wound  to  prevent  the  gauze  from  sticking  to  them, 
thereby  relieving  the  patient  of  pain  when  the  dressings  are  removed. 
Hot  fomentations  of  gauze  wrung  out  of  boiling  solution  of  perchloride 
of  mercury  (1-8,000)  for  the  first  few  hours  have  also  a  soothing 
effect  on  acutely  inflamed  tissues. 

2.  The  constitutional  treatnnent  of  an  acute  circunnscribed 
abscess  depends  a  great  deal  upon  the  clinical  course  of  the  case, 
and  upon  the  etiological  micro-organism. 

Upon  general  principles,  change  of  air  to  an  exhilarating  place, 
food  in  a  nutritious  and  easily  digested  form,  and  attention  to  the 
excretory  functions  are  essential.  Should  the  case  be  doing  well, 
nothing  more  is  necessary,  but  should  the  disease  spread  or  remain 
stationary,  then  the  advisability  will  have  to  be  considered  of  adminis- 
tering a  vaccine  or  an  antitoxic  serum,  as  may  be  indicated,  in  order 
to  help  the  patient  to  acquire  immunity. 

In  the  case  of  a  stapJiylococcus  infection,  there  is  no  antitoxic  serum 
of  particular  value,  and  the  use  of  vaccine  would  of  necessity  be  the 
additional  treatment.  It  is  advisable  to  prepare  the  vaccine  from  a 
growth  of  the  actual  micro-organism  which  is  the  cause  of  the  lesion, 
but  this  is  not  essential.  A  dose  of  10  millions  to  EOO  millions  should 
be  given,  and  very  likely  it  will  be  necessary  to  give  two  or  three  more 
doses  at  intervals  of  fourteen  days. 

In  a  case  of  streptococcus  infection,  in  which  extra  immunizing 
power  is  wanted  on  the  part  of  the  patient,  polyvalent  antistrepto- 
coccic serum,  in  the  hands  of  some  surgeons,  has  been  occasionally 
very  successful ;  but  I  have  seen  no  benefits  derived  from  its  use, 
although  I  have  given  it  extensive  trials  in  cases  of  pure  and  mixed 
streptococcus  infection.  In  some  cases  I  tried  the  serum  from  a  horse 
which  had  been  inoculated  with  the  patient  s  own  micro-organisms, 
but  with  no  result,  good  or  bad.  This  measure  should  be  tried  in  all 
serious  cases  as  a  purely  empirical  treatment.  The  vaccine  treatment 
also  should  be  employed.  The  micro-organism  should  be  cultivated 
from  the  seat  of  the  disease,  and  a  dose  of  from  1  million  to  20 
millions  given  about  every  ten  days. 

In  pneumococcal  infections  the  antipneumococcic  serum  has  not 
proved  of  much  use  in  local  lesions.  Vaccines  should  be  employed 
in  cases  which  do  not  progress,  and  a  dose  of  5  millions  to  100  millions 
may  be  given  about  every  ten  days  in  chronic  cases. 

Against  infections  due  to  gonococcus  the  patient  is  best  reinforced 
by  vaccines  ;  there  is  no  trustworthy  antitoxic  serum  for  this  micro- 
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organism,  but  I  have  seen  nmcli  benefit  result  from  the  administration 
of  vaccines  in  doses  of  from  about  10  millions  to  100  millions  in  cases 
of  very  chronic  suppuration  from  this  cause. 

In  suppurations  due  to  B.  coli  the  only  valuable  specific  treatment 
is  the  administration  of  vaccine.  The  vaccine  should  be  prepared 
from  the  23atient,  and  should  be  given  in  doses  of  from  20  millions 
to  250  millions. 

It  may  be  said  of  all  vaccine  treatment  that,  in  supjmrative  con- 
ditions at  any  rate,  the  surgeon  must  be  prepared  to  meet  with  many 
disappointments  ;  therefore  he  must  not  relax  constant  care  in  his 
antiseptic  local  treatment. 

I  believe  that  the  opsonic-index  control  is  not  necessary  in  the 
administration  of  any  of  the  above  vaccines,  ordinary  clinical  signs 
sufficing. 

For  further  details  of  vaccine  treatment,  see  pp.  90-108. 

ACUTE  DIFFUSE  SUPPURATION 

Acute  dift'use  suppuration  varies  only  in  degree  from  an  acute 
circumscribed  abscess,  and  the  essential  points  in  common  have 
been  already  discussed.  It  is  a  more  intense  process,  and  shows  less 
tendency  to  remain  localized  ;  even  when  the  area  is  quite  small,  there 
is  no  attempt  on  the  part  of  the  tissues  to  proliferate  to  the  extent 
seen  in  acute  circumscribed  abscess.  Its  failure  to  remain  localized 
depends  upon  («)  a  greater  virulence  on  the  part  of  the  micro- 
organism ;  (6)  a  diminished  power  of  resistance  on  the  part  of  the 
host ;  or  (c)  a  combination  of  these. 

The  result  of  the  process  may  be  a  large  ramified  cavity  containing 
pus,  or  a  small  and  even  microscopic  abscess,  showing  no  signs  of 
inducing  local  changes  except  death  of  tissue  and  emigration  of  leuco- 
cytes.   Death  of  the  host  may  occur  while  the  suppuration  is  spreadmg. 

Multiple  acute  diffuse  suppurations  may  be  primary,  that  is  to 
say,  a  result  of  the  dissemination  of  the  micro-organism  immediately 
after  inoculation  ;  they  may  be  secondary,  resulting  from  infective 
emboli  (pytemia)  ;  or  they  may  be  due  to  the  arrest,  in  a  part  having 
low  local  immunity,  of  micro-organisms  which  have  gained  entrance 
to  the  general  blood-stream  from  a  pre-existing  focus  of  suppuration 
(chronic  pya?mia).  The  abscesses  so  caused  vary  very  much  in  size, 
from  collections  of  a  few  leucocytes  to  cavities  containing  large  quan- 
tities of  pus. 

Clinical  appearances.  Local.  —  When  an  acute  diffuse 
suppuration  is  superficial,  the  skm  covering  it  is  painful,  hot,  red, 
cedematous  and  swollen,  and  may  be  hard  and  brawny  ;  the  margin  is 
diffuse,  and  branching  lines  of  red  and  inflamed  lymphatic  vessels 
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may  be  observed  stretching  from  it  towards  the  nearest  group  of 
lymphatic  glands.  Lymphangitis  indicates  a  severe  infection.  The 
tissues  may  be  so  choked  with  the  exudation  of  serum  and  leucocytes 
that  occlusion  of  the  blood-vessels  may  occur  and  cause  gangrene  of 
the  skin.  When  an  abscess  of  this  kind  occurs  in  the  deeper  tissues 
the  skin  may  be  separated  from  them  by  so  large  a  collection  of  pus  as 
to  be  deprived  of  its  blood  supply,  and  gangrene  may  result  from  this 
cause. 

The  occurrence  of  suppuration  in  a  hard,  brawny  skin  is  marked 
by  a  soft  spot  in  its  centre,  which  can  be  detected  by  gently  examining 
the  surface  with  the  finger.  The  presence  of  pus  more  deeply  situated 
is  marked  by  fluctuation,  pain,  throbbing,  increase  in  the  size  of  the 
part,  and  oedema  of  the  superjacent  sldn.  Crepitation  is  a  more 
common  sign  in  acute  diffuse  suppuration  than  in  acute  circumscribed 
abscess,  though  it  is  rare  in  both  cases  ;  it  is  due  to  a  gas-forming 
micro-organism,  to  the  decomposition  of  the  tissues  affected,  or  to  air 
having  gained  admission  to  the  abscess  by  the  establishment  of  a 
communication  between  it  and  the  respiratory  or  digestive  tract. 

The  constitutional  signs  are  more  severe  than  in  acute  circum- 
scribed abscess  ;  they  may  be  associated  with  the  types  of  temperature 
which  indicate  septicaemia  or  pyaemia,  acute  or  chronic,  as  the  case 
may  be. 

Treatment  of  acute  diffuse  suppuration. — The  same 
general  principles  must  be  employed  as  in  the  treatment  of 
localized  abscesses  ;  but  incisions  must  be  free  and  extensive,  and 
two  or  more  incisions  must  be  made  in  those  cases  in  which  the  skin 
is  likely  to  become  gangrenous — as  in  hard  and  brawny  lesions.  Should 
extensive  gangrene  occur,  slcin-graftiug  will  be  necessary  after  the 
separation  of  the  dead  tissues.  Where  putrefaction  exists,  large 
drainage-tvibes  must  be  inserted  in  the  most  dependent  parts. 

In  spite  of  these  measures,  the  process  may  still  continue  to  spread 
and  may  necessitate  more  incisions.  Hot  local  antiseptic  baths  of 
perchloride  of  mercury  (1-8,000)  or  sanitas,  or  large  hot  antiseptic 
poultices  constantly  applied,  may  be  beneficial. 

Vigorous  constitutional  treatment  is  called  for  to  reinforce  the 
power  of  immunity  which  is  evidently  laclcing  in  these  cases.  The 
vaccine  treatment  is  specially  indicated  ;  and  in  those  cases  in  which 
the  streptococcus  is  the  agent  of  infection,  antistreptococcic  serum 
should  be  tried  as  an  empirical  measure. 

SUBACUTE  ABSCESS 

Subacute  abscess  may  be  caused  by  those  micro-organisms  which 
are  capable  of  inducing  acute  suppuration,  or  by  those  which  are 
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more  apt,  as  a  rule,  to  give  rise  to  chronic  suppurations.  Therefore 
the  nature  of  the  infecting  agent  should  be  ascertained  at  once,  and 
dealt  with  accordingly.  Some  very  serious  types  of  suppuration  may 
be  described  as  subacute,  notably  those  due  to  B.  mallei,  B.  typhosus, 
B.  tuberculosis,  and  the  fungi  which  are  the  cause  of  actinomycosis. 

CHRONIC  ABSCESS 

The  term  chronic  abscess  is  applied  to  suppuration  slowly  provoked 
in  a  cavity  of  its  own  formation,  and  of  whicli  the  excitant  may  be 
localized,  or  slowly  infiltrating  the  tissues  around  it. 

Etiology. — It  is  so  common  to  find  the  B.  tuberculosis  in  slow 
sujipurating  processes  that  chronic  abscess  is  almost  always  assumed 
to  be  a  tuberculous  abscess,  and  this,  too,  in  spite  of  the  fact  tliat 
tuberculous  abscesses  are  really  degenerations  of  chronic  inflammatory 
tissue  rather  than  a  true  suppurative  process.  When  true  supjiuration 
accompanies  tuberculous  conditions  it  is  due  to  a  mixed  infection.  It 
must  be  realized  that  chronic  suppuration,  especially  in  bones,  may 
be  caused  by  the  staphylococcus,  and  that  slow  suppuration  can  be 
induced  by  the  actinomyces,  B.  tijpJiosus,  and  even  B.  ^nallei  (glanders). 

The  pathology  of  these  cases,  excluding  those  that  are  tuber- 
culous, is  practically  identical  with  a  comparatively  slow-forming, 
acute,  circumscribed  abscess. 

Pathology  of  tuberculous  degeneration. — Apart  from  tlie 
all-important  presence  of  the  B.  tuhcrculosis,  tuberculous  abscesses 
have  characteristic  microscopical  appearances. 

The  cells  observed  in  true  chronic  infective  processes  are  epithelioid 
cells,  lymphocytes,  giant  cells,  spindle  cells,  plasma  cells,  and  even 
mast  cells  in  small  number.  In  tuberculosis  these  cells  are  arranged 
characteristically  in  two  ways  wliich  depend  ujion  whether  B.  tuhcr- 
culosis attacks  the  tissues  (a)  by  the  formation  of  tubercles,  or  (6)  by 
infiltration. 

(a)  In  tubercle-formation  the  central  cell  of  a  tubercle  is  commonly 
a  giant  cell,  whose  branches  can  be  traced  as  a  fine  network  among 
the  surrounding  cells,  which  are  epithelioid  cells  arranged  in  two  or 
more  layers.  The  outer  margin  of  these  layers  is  abrupt,  and  is  in 
turn  surrounded  by  lymphoc}i:es.  The  tubercle  may  be  completed 
by  an  external  membrane  composed  of  spindle  cells  in  cases  where  the 
disease  is  not  spreading  rapidly.  The  central  cell  of  a  tubercle  is  not 
always  a  giant  cell  ;  very  often,  indeed,  the  centre  is  occupied  by 
epithelioid  cells.  No  importance  can  be  attached  to  this  fact  for 
purposes  of  prognosis.  The  B.  tuberculosis  is  to  be  sought  in  and 
among  the  epithelioid  cells,  where  it  is  usually  found  ;  it  is  also  com- 
monly seen  in  the  giant  cell,  should  that  cell  be  present. 


198 


SUPPURATION 


The  centre  of  a  tuberculous  abscess  is  formed  of  caseated,  firm, 
undifferentiated  and  unstainable  tissue.  A  few  examples  of  B.  tuber- 
culosis can  be  seen  now  and  then  in  the  mass  of  caseous  tissue.  At 
the  margin  of  the  caseous  material  the  outlines  of  giant  cells,  epithe- 
lioid cells,  and  lymphocytes  can  be  discerned  by  shutting  oft'  some  of 
the  light.  Immediately  surrounding  the  caseous  centre  can  be  seen 
confluent  tubercles  in  various  stages  of  caseation.  Externally  to  this 
zone  are  the  typical  discrete  tubercles  ;  they  are  separated  from  each 
other  by  proliferating  connective-tissue  cells,  in  which  can  be  seen 
thickening  blood-vessels  and  capillaries  whose  endothelium  is  also 
undergoing  proliferation.  The  whole  lesion  just  described  may  be 
surrounded  by  a  fibrous-tissue  capsule  which  is  more  or  less  complete, 
and  which  in  old  cases  may  be  calcareous. 

(6)  When  the  bacillus  of  tuberculosis  affects  a  part  by  w filtration 
no  tubercles  can  be  seen  ;  the  whole  lesion  is  composed  of  a  collection 
of  epithelioid  cells,  among  which  here  and  there  a  giant  cell  may  be 
detected.  The  whole  may  be  surrounded  by  lymphocytes  and  fibrous 
tissue  ;  caseation  is  more  and  more  marked  till  the  centre  of  the  lesion 
is  reached,  where  it  may  be  complete.  The  bacillus  is  to  be  found 
mainly  in  and  among  the  epithelioid  cells,  and  its  presence  is  less  and 
less  marked  as  the  centre  of  the  caseous  mass  is  reached.  Whether 
it  affect  a  part  by  the  "  formation  of  tubercles  "  or  by  "  infiltration," 
the  main  clinical  characteristics  of  the  disease  are  the  same. 

The  giant  cells  and  epithelioid  cells  are  derived  by  proliferation  of  . 
the  local  tissues,  and  mainly  of  the  endothelium.    The  epithelioid  cell 
is  the  most  characteristic  cell  of  a  tuberculous  degeneration  ;  in 
all  forms  the  B.  tuberculosis  should  be  first  sought  among  these 
cells. 

Diagnosis. — A  tuberculous  abscess  may  be  distinguished  clini- 
cally from  an  acute  abscess  by  the  absence  of  acute  inflammatory  signs, 
by  the  comparatively  great  thickness  of  its  margins,  and  by  the  com- 
paratively little  constitutional  disturbance  to  which  it  gives  rise,  even 
in  the  largest  abscesses.  The  temperature  may  be  normal  or  hectic 
in  type.  The  swelling  fluctuates.  When  an  abscess  travels  from 
the  spine  to  the  groin  the  swelling  in  the  groin  gives  an  impulse  on 
coughing.  It  can  be  distinguished  from  a  femoral  hernia  by  being 
irreducible ;  by  appearing  outside  the  main  blood-vessels ;  and  by 
the  discovery  of  a  deformity  of  the  spine,  for  which  search  should 
be  made  in  all  suspected  cases.  Fatty  tumour  and  hygroma  of  the  neck 
are  sometimes  mistaken  for  tuberculous  abscess. 

Amyloid  disease  may  be  present,  but  usually  only  when  the  B. 
tuberculosis  is  accompanied  by  some  other  micro-organism. 

In  all  tuberculous  abscesses  the  diagnosis  should  be  made,  where 
possible,  by  the  demonstration  of  the  B.  tuberculosis  in  the  so-called 
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pus,  or,  with  better  cliance  of  success,  in  tlie  abscess  wall.  When  it 
is  impossible  to  stain  the  bacillus,  guinea-pigs  should  be  inoculated. 

There  are  other  methods  which  should  reinforce  the  diagnosis 
made  by  ordinary  clinical  and  bacteriological  observation,  especially 
in  cases  which  still  remain  doubtful.  The  three  methods  to  be 
taken  into  consideration  are  tuberculin  reaction,  the  opsonic  index, 
and  estimation  of  leucocytes  in  the  blood. 

Tuhercidin  may  be  employed  in  one  of  three  ways — by  subcutaneous 
injection,  by  the  skin-reaction  (von  Pirquet),  or  by  the  conjunctival 
reaction  (Calmette).  The  best  and  safest  method  is  probably  sub- 
cutaneous injection.  They  all  depend  mainly  upon  the  local  inflam- 
mation, accompanied  by  a  general  feeling  of  malaise,  which  results 
in  cases  where  tuberculosis  is  present  ;  in  the  cases  in  which  there 
is  no  tuberculosis  there  is  an  absence  of  local  and  constitutional 
disturbance. 

The  opsonic  index  may  be  of  value  in  one  of  four  methods  of 
application  : — 

1.  By  taking  a  specimen  of  the  patient's  blood  and  estimating 
its  opsonic  index  without  special  preliminary  treatment. 

2.  By  taking  the  opsonic  index  after  massage  of  the  diseased  area. 

3.  By  examining  the  opsonic  index  after  giving  an  injection  of 
tuberculin. 

4.  By  consideration  of  the  opsonic  index  in  conjunction  with  an 
estimation  of  the  leucocytic  contents  of  the  blood.  A  high  or  a  low  opsonic 
index  is  an  indication  of  tuberculosis  ;  when  either  is  accompanied 
by  an  absence  of  leucocytosis  and  a  diminution  or  absence  of  eosinophile 
leucocytes,  the  diagnosis  of  tuberculosis  Ijecomes  surer  than  when 
either  is  considered  alone.  It  must  be  remembered  that  there  is  no 
leucocytosis  in  infections  of  B.  typhosus. 

Treatment.  Local. — If  it  be  possible  to  excise  a  tuberculous 
abscess,  that  is  the  best  treatment.  When  a  tuberculous  abscess  is 
connected  with  bone,  say  a  rib,  the  aiJected  portion  of  the  rib  should  be 
removed  with  the  abscess.  If  the  abscess  be  accessible  but  its  complete 
excision  impossible,  then  it  will  be  wise  to  excise  as  much  of  the  tuber- 
culous tissue  as  possible  after  the  pus  has  been  evacuated.  The  advisa- 
bility of  drainage  in  a  case  of  this  kind  is  ojjen  to  question.  If  drainage 
be  not  employed,  the  abscess  is  liable  to  re-form ;  if  drainage  be  employed, 
the  tube  will  act  as  a  mechanical  irritant  and  also  as  a  pathway  for 
other  micro-organisms,  and  a  deplorable  mixture  of  infective  processes 
will  complicate  what  was  before  a  pure  infection  of  B.  tuberculosis.  I 
believe  the  best  form  of  treatment  in  this  kind  of  case  is  either  to  sew 
up  the  wound  entirely,  or  to  leave  the  incision  open,  not  inserting 
stitches  or  drainage-tubes,  and  simply  to  dress  the  wound  with  the 
utmost  antiseptic  care.    Should  it  be  considered  advisable  to  scrape  a 
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tuberculous  abscess  wall  where  excision  is  impracticable,  it  would  be 
well  first  to  scrape  with  a  sharp  spoon,  and  then  to  apply  pure 
carbolic  acid  or  iodine  to  the  raw  surface  with  the  idea  of  preventing 
local  and  general  infection. 

When  a  tuberculous  abscess  is  large,  as  in  the  case  of  psoas  abscess, 
I  deem  it  safer  to  open  it  and  to  wash  it  out  with  a  hot  solution  of 
perchloride  of  mercury  (1-10,000)  to  remove  dead  tissue,  and  then  to 
sew  up  the  incision  with  interrupted  silkworm-gut  stitches.  Tuber- 
culous pus  may  or  may  not  reaccumulate  in  these  circumstances  ; 
directly  reaccumulation  does  occur,  the  operation  should  be  repeated 
as  often  as  necessary ;  by  this  means  the  cavity  of  the  tuberculous 
abscess  becomes  smaller  each  time,  and  eventually  may  be  cured  per- 
manently. A  sinus  may  form  and  remain  discharging  a  slight  amount 
of  sero-purulent  fluid  for  from  months  to  years,  and  will  cease  only 
when  the  spinal  trouble  has  healed.  Acting  upon  these  principles,  I 
have  treated  23  tuberculous  psoas  abscesses  associated  with  disease  of 
the  spinal  column.  In  3  cases  no  reaccumulation  occurred  ;  in  7 
reaccumulation  took  place  three  or  four  times  and  afterwards  remained 
healed.  In  5  cases  sinuses  resulted  which  remained  discharging.  The 
histories  of  the  remaining  8  cases  cannot  be  procured.  The  results  are 
certainly  better  than  those  which  I  obtained  by  a  routine  treatment 
of  opening,  scraping  with  a  sharp  spoon,  washing  out,  and  draining. 

All  the  modes  of  treatment  should  be  combined  with  rest,  splints, 
spinal  carriage,  etc.  A  more  considerable  degree  of  rest  should  be 
given  to  tuberculous  lymphatic-gland  cases  than  is  the  usual  practice, 
and  cases  of  this  kind  do  best  when  the  parts  affected  are  placed  in 
a  state  of  physiological  rest. 

Constitutional  treatment  should  consist  of  all  the  well-known 
systems  of  building  up  the  patient's  strength  :  fresh  air,  the  adminis- 
tration of  cod-liver  oil,  iodide  of  iron,  the  extract  pressed  from  raw 
meat,  absence  of  fatigue,  and  prevention,  as  far  as  possible,  of  collateral 
extra-infective  processes  such  as  colds,  whooping-cough,  measles,  and 
decayed  teeth. 

Vaccine  and  serunn  treatment. — It  may  be  said  at  once  that 
there  is  no  serum  yet  obtained  which  has  value  in  the  treatment  or 
prevention  of  tuberculosis.  The  only  question  at  present  is  whether 
vaccine  treatment  is  of  supreme,  or  of  little  or  no  value.  There 
can  b3  no  doubt  that  the  evidence  in  favour  of  vaccine  treatment 
is,  in  some  cases,  apparently  overwhelming ;  but  in  the  majority 
of  cases  it  is  as  disappointing  to  the  patient  as  it  is  to  the  surgeon. 
The  great  lesson  to  be  enforced,  so  far  as  this  treatment  has  gone,  is 
that  the  surgeon  must  not  omit  to  employ  any  of  the  many  valuable 
aids  he  possessed  before  it  became  the  vogue.  Should  the  treatment 
be  used  at  all,  its  greatest  advocates  admit  that  it  must  be  associated 
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with  sound  and  careful  surgical  procedures,  and  that  for  no  con- 
sideration should  the  surgeon  relax  a  single  detail  in  the  antiseptic 
precautions. 

My  belief  is  that  vaccine  treatment  should  be  tried  in  most,  if  not 
in  all  cases,  and  that  if  the  case  is  doing  well  under  its  administration 
it  should  be  continued,  but  if  the  case  does  not  improve,  harm  may 
be  done  by  its  continuation.  Should  a  case  be  healing  well  without 
it,  I  would  not  employ  it.  However,  when  the  surgeon  has  deter- 
mined that  the  use  of  vaccine  is  advisable,  the  main  question  is  whether 
its  exhibition  should  be  controlled  or  not  by  the  constant  estimation 
of  the  opsonic  index.  Many  observers  claim  that  it  should,  but  most — 
among  whom  I  am  one — are  content  with  the  results  obtained  by 
injecting  small  doses  (xryVo  iiig-  T.R.  or  less)  about  every  fourteen 
days  without  opsonic  control. 

Another  point  ought  to  be  considered.  Ought  a  surgeon  to  attempt 
to  render  his  case  immune  against  B.  tuberculosis  before  adopting 
operative  measures  which  might  lead  to  generalization  of  the  bacilli  ? 
Should  he  deem  it  his  duty  to  do  so,  he  must  be  careful  to  wait  until 
the  negative  phase  has  passed.  Those  who  believe  in  the  extreme 
value  of  the  opsonic  index  would  be  guided  by  it  as  to  the  opportmae 
moment  for  operation,  whilst  others  would  operate  about  seven  days 
after  the  administration.  I  have  carried  out  the  administration  of 
vaccines  controlled  by  the  opsonic  index,  preliminary  to  operation, 
but  do  not  see  any  reason  to  continue  the  practice. 

ANGINA  LUDOVICI 

This  term  is  applied  to  a  diffuse  infective  inflammation  of  the 
median  and  lateral  aspects  of  the  neck.  It  may  be  induced  by  one 
or  many  kinds  of  micro-organism,  but  it  is  caused  most  frequently 
by  the  Streptococcus  -pyogenes,  staphylococcus,  or  pneumococcus.  But 
B.  iiiallei  (glanders),  a  bacillus  resembling,  if  not  identical  with,  the 
B.  diphthericB,  and  actinomycotic  organisms  have  been  found  in  pure 
culture  in  the  discharges  of  some  cases.  The  primary  sources  of  in- 
fection should  be  looked  for  in  the  mouth,  tonsil,  pharynx,  nose,  ear, 
and  scalp.    The  disease  is  a  cellulitis,  not  a  lymphadenitis. 

It  usually  starts  as  a  hard,  brawny,  dusky-red,  swollen  area  of 
skin  about  the  chin  or  angle  of  the  jaw.  In  bad  cases  it  spreads  down- 
wards with  a  diffuse  margin.  Pain  is  not  usually  a  very  marked  feature  ; 
the  neck  usually  feels  stiff  and  uncomfortable  ;  but  in  some  cases 
there  is  great  pain,  and  gradually  increasing  dysphagia  and  dyspnoea. 
As  a  rule,  the  disease  is  more  subacute  than  acute  ;  the  fever  is  slight, 
but  increases  with  the  intensity  of  the  disease.  Usually  the  lesion 
does  not  suppurate  ;   but  suppuration  may  occur,  either  in  one  soft 
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patch  in  its  centre,  or  the  whole  area  may  be  the  site  of  a  large 
diffuse  suppuration. 

Treatment  calls  for  no  special  remark.  Local  fomentations 
and  Bier's  treatment  may  be  considered,  with  vaccine-  and  serum- 
therapy  as  the  case  demands.  In  cases  which  do  not  suppurate, 
incisions  have  little,  if  any,  effect  in  shortening  the  course  of  the  disease, 
but  where  suppuration  occurs  they  must  be  made  freely. 

The  type  of  hard,  diffuse,  brawny,  swollen,  oedematous,  tender 
and  painful  inflammation,  of  which  angina  Ludovici  is  an  example, 
is  also  met  with  in  other  parts.  The  B.  cedematis  maligni  is  a  micro- 
organism which  I  have  seen  on  two  occasions  affecting  the  lower  limb 
in  this  manner  ;  both  cases  ended  fatally  and  quickly. 
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By  CYRIL  A.  R.  NITCH,  M.S.Lond.,  F.R.G.S.Eng. 

Definition.— Gangrene  is  the  term  employed  to  denote  the  death 
of  portions  of  the  body  sufficiently  large  to  be  visible  to  the  naked 
eye  ;  for  example,  a  finger,  a  toe,  a  part  or  the  whole  of  an  extremity, 
or  a  portion  of  the  soft  parts.  Death  of  a  small  part  of  the  body, 
limited  to  the  soft  parts,  is  usually  described  as  sloughing,  while  death 
of  bone  or  cartilage  receives  from  clinicians  the  special  and  more 
accurate  designation  of  necrosis. 

Inflammation  and  gangrene. — Inflammation  is  sometimes 
a  prominent  factor  in  the  etiology  of  gangrene  in  that  it  may 
lead  to  the  essential  cause  of  gangrene — viz.  failure  of  the  circulation. 
One  of  three  termmations  of  the  inflammatory  process  is  possible  : 
resolution  may  take  place  owing  to  cessation  of  the  cause  of  inflam- 
mation, granulation  tissue  may  be  formed  by  its  continuance,  or 
extensive  thrombosis  ending  in  gangrene  may  be  induced  by  its 
violence.  Necrosis  of  bone,  a  common  form  of  gangrene,  usually  a 
result  of  inflammation,  serves  to  emphasize  the  importance  of  the 
role  occasionally  played  by  inflammation  in  the  production  of 
gangrene. 

Again,  it  is  by  an  inflammatory  process  that  the  line  of  demarca- 
tion is  formed  whereby  the  dead  part  is  separated  from  the  living. 
The  incidence  of  this  process  may  be  directly  responsible  for  the  exten- 
sion of  the  gangrene,  particularly  in  the  senile  variety,  in  which  there 
is  lowered  vitality  of  the  part  consequent  on  the  small  calibre  of  the 
blood-vessels. 

GENERAL  OUTLINE  OF  THE  PROCESS 

A  formal  classification  of  gangrene  will  be  found  on  p.  210,  and 
subsequently  the  dift'erent  varieties  are  fully  discussed  under  their 
respective  headings.  At  present,  to  avoid  repetition,  it  is  important 
to  point  out  that  clinically  there  are  two  forms — dry  gangrene 
and  moist  gangrene — and  that  the  moist  variety  is  distinguished  as 
either  septic  or  aseptic.  Whether  a  case  will  be  dry  or  moist  is  largely 
a  matter  of  accident,  and  depends,  among  other  factors,  upon  the 


204 


GANGRENE 


conditions  which  regulate  the  amount  of  fluid  in  the  tissues  at  the 
time  of  their  death.  If  the  return  of  venous  blood  is  impeded  in  any 
way — either  by  the  sudden  cessation  of  the  propulsive  force  exerted  by 
the  arterial  stream,  as  in  the  case  of  embolism,  or  by  definite  mechanical 
obstruction  to  the  venous  circulation,  as  in  strangulation  of  the 
intestine — the  affected  part  will  be  loaded  with  fluid,  and  the  imme- 
diate condition  will  be  that  of  aseptic  moist  gangrene.  If  micro- 
organisms now  gain  access  to  the  part,  or  if  they  were  already  present 
at  the  time  of  death,  putrefactive  changes  will  rapidly  set  in,  and  the 
condition  will  be  that  of  septic  moist  gangrene.  However,  should  the 
evaporation  of  fluid  be  promoted,  the  return  circulation  favoured, 
and  the  part  kept  strictly  clean,  the  area  of  aseptic  moist  gangrene 
may  be  partially  or  totally  converted  into  dry  gangrene. 

In  order  to  elucidate  the  foregoing  statements,  it  will  be  advisable 
to  discuss  these  clinical  forms  of  gangrene  at  greater  length. 

Dry  gangrene. — This  form  is  usually  due  to  the  arrest  of  the 
arterial  blood  supply  to  tissues  which  are  drained  by  an  efficient  venous 
circulation.  It  occurs  in  superficial  parts  of  the  body  which  are 
freely  exposed  to  the  air,  so  that  desiccation  is  aided  by  evaporation. 
The  gangrenous  process  spreads  very  slowly,  for,  owing  to  the  dry- 
ness, putrefactive  changes  due  to  invasion  by  saprophytic  bacteria  are 
rendered  difficult  or  impossible.  The  classical  example  of  dry  gangrene 
is  senile  gangrene   of  the  extremities  (Fig.  9),  which  is  generally 


Fig.  0. — Case  of  dry  gangrene  (senile).    The  process  had  gone 
on  for  about  eight  weeks  before  the  photograph  was  taken. 

met  with  in  association  with  endarteritis,  whereby  the  calibre  of 
the  blood-vessels  is  diminished.  But  it  must  be  remembered 
that  dry  gangrene  may  occur  in  a  limb  in  which  the  principal 
artery,  though  healthy,  is  suddenly  blocked  by  an  embolus  or  a 
ligature,  provided  that  the  venous  circulation  is  unimpaired,  that 
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evaporation  is  favoured,  and  that  saprophytic  micro-organisms  are 
rigidly  excluded.  Prior  to  actual  death,  numbness  and  tingling, 
followed  later  by  acute  pain,  are  felt  in  the  affected  part.  The 
pain  is  due  partly  to  neuritis,  partly  to  an  impaired  blood  supply 
to  the  nerves;  and  it  generally  persists  until  the  gangrene  is  well 
established,  because  the  axis  cylinders  are  the  last  to  die.  Cessation 
of  pulsation  in  the  vessels  is  followed  by  loss  of  heat,  loss  of  tactile 
sensation,  and  loss  of  function.  The  skin,  at  first  waxy  in  colour, 
becomes  greasy,  transparent,  and  yellow,  owing  to  liberation  of  fat 
from  the  tissues  and  alteration  in  the  haemoglobin,  and  finally  turns 
black.  The  dead  part  is  now  shrivelled,  hard,  and  dry,  and  usually 
emits  a  peculiar  musty  odour. 

The  minute  changes  which  immediately  precede  the  death  of  the 
tissues  cannot  be  described,  as  the  particular  detail  or  substance  of 
the  living  cell  that  disappears  or  changes  at  the  moment  of  death 
has  never  been  isolated  chemically  nor  seen  under  the  microscope.  But 
in  necrotic  cells,  according  to  Hektoen  and  Riesman,  "  the  nucleus 
very  soon  becomes  indistinct,  due  either  to  an  apparent  solution  of 
the  chromatic  substance,  known  as  karyolysis  or  chromatol3^sis,  or 
to  a  breaking-up  of  the  nucleus  into  a  number  of  irregular  fragments, 
a  form  of  disintegration  which  Schmaus  and  Albrecht  have  shown  is 
initiated  by  a  peculiar  transposition  of  the  chromatic  filaments.  At 
times  the  nucleus,  together  with  the  cell  body,  changes  into  a  hyaline 
mass.  The  cytoplasm  of  necrotic  cells  loses  its  normal  granulations 
and  undergoes  hyaline  transformation,  or  vacuolation.  The  exact  che- 
mical processes  that  underlie  these  changes  in  necrosis  are  not  known. 
In  many  instances  the  factors  necessary  for  the  precipitation  of  fibrin 
are  present,  giving  rise  to  the  so-called  coagulation  necrosis."  Fat- 
globules  escape  from  their  cells  and  infiltrate  the  tissues,  rendering 
them  greasy  and  more  or  less  transparent,  while  necrosis  of  the  red 
blood-corpuscles  allows  their  hasmoglobin  to  escape  and  stain  the 
part  brown  or  black.  When  the  necrotic  process  ceases,  the  dead  jjart 
acts  as  an  irritant,  and  the  living  tissues  immediately  in  contact  with 
it  become  inflamed  and  pass  through  the  series  of  changes  leading 
to  the  formation  of  granulation  tissue.  A  line  of  separation  in  the 
form  of  superficial  ulceration  now  forms.  This  gradually  deepens, 
until  finally  the  dead  part  is  completely  separated  and  drops  off, 
leaving  on  the  living  part  an  ulcer  which  heals  by  cicatrization. 
Hpemorrhage  during  the  process  of  separation  is  prevented  by  throm- 
bosis, which  subse(]uently  leads  to  the  permanent  occlusion  of  the 
vessels. 

In  the  early  stages  constitutional  symptoms  are  slight,  and,  beyond 
the  inconvenience  attached  to  a  part  which  is  insensitive  and  function- 
less,  the  patient  complains  of  little  more  than  occasional  shooting 
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pains,  or  numbness  and  tingling  in  tlie  affected  area.  As  the  gangrene 
develops,  pain  and  toxsemia  become  prominent  symptoms,  and  lead 
to  loss  of  sleep  and  gradual  exhaustion,  which  may  end  in  death. 
Glycosuria  is  a  frequent  accompaniment  of  this  form  of  gangrene, 
and  is  probably  due  to  the  absorption  of  toxic  products  from  the  dead 
and  dying  tissues.  It  must  not  be  mistaken  for  the  glycosuria  of 
diabetes,  for  it  is  unaccompanied  by  the  classical  symptoms  of  that 
disease,  and  passes  off  when  the  dead  part  is  removed. 

Moist  gangrene  is  the  term  employed  to  denote  dead  tissues 
which  are  infiltrated  with  blood  and  other  fluids,  and  usually  infected 
with  saprophytic  micro-organisms.  It  occurs  in  its  most  typical  form, 
when  a  necrotic  part  of  the  body  becomes  the  seat  of  decomposition, 
and  usually  develops  in  tissues  that  are  naturally  exposed  to  bacterial 
infection,  such  as  the  lungs,  the  intestines,  the  external  genitals,  and 
the  extremities.  The  predominant  factors  in  its  causation  are  :  (1) 
mechanical  obstruction  to  the  venous  as  well  as  the  arterial  circula- 
tion, such  as  is  produced  by  crushing  or  long-continued  pressure,  or 
by  ligation,  destruction,  embolism  or  thrombosis,  of  a  main  artery  or 
vein,  or  both  ;  (2)  chemical  irritants  and  physical  agents,  such  as  heat 
or  intense  cold  ;  and  (3)  the  destructive  action  of  the  toxins  produced 
by  septic  and  infective  micro-organisms  which  are  either  present  before 
death,  or  subsequently  gain  access  to  the  part. 

Though  the  essential  features  of  moist  gangrene  are  due  to  putre- 
factive changes  which  occur  in  the  necrotic  tissues,  decomposition  does 
not  invariably  take  place  :  hence  clinicians  now  recognize  two  distinct 
forms,  aseptic  moist  gangrene  and  septic  moist  gangrene. 

Aseptic  moist  g'angrene,  or  moist  gangrene  without  putre- 
faction, occurs  when  the  return  of  venous  blood  is  prevented  by  any 
of  the  causes  already  mentioned,  and  when  saprophytic  bacteria  fail 
to  gain  access  to  the  part.  The  necrotic  tissues  become  sodden 
and  discoloured  owing  to  the  escape  of  blood  from  the  vessels  and 
the  liberation  of  haemoglobin.  .  Later,  blebs  containing  blood-stained 
serum  form  beneath  the  epidermis,  the  skin  exhibits  a  play  of  colours 
ranging  between  dark-red,  purple,  green,  and  black,  and  the  part 
becomes  cold,  insensitive,  and  functionless.  If  the  obstruction  is 
arterial  alone,  the  skin  is  at  first  white,  and  later  becomes  mottled, 
while  the  course  of  the  superficial  veins  is  indicated  hy  a  dusky  line 
due  to  the  escape  of  hfemoglobin  ;  but  if  the  venous  circulation  is  also 
interfered  with,  the  part  at  once  becomes  dark  and  cedematous,  and 
bullas  rapidly  appear.  The  affected  area  remains  stationary  in  size, 
a  line  of  separation  forms,  and  the  part  is  cast  off  with  very  little 
evidence  of  inflammatory  disturbance.  The  process  is  a  rapid  one, 
because  the  circulation  is  interrupted  suddenly,  and  a  large  area  of 
the  body  is  frequently  involved. 
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Occasionally,  however,  if  evaporation  is  assisted,  and  drainage  of 
the  part  promoted,  either  by  elevation  or  by  establishment  of  a  col- 
lateral circulation,  no  matter  how  feeble,  aseptic  moist  gangrene  may 
be  converted  into  dry  gangrene.  Subjective  symptoms  are  limited 
to  pain,  which  may  be  very  acute  if  embolism  be  the  cause  of  the 
gangrene.  Though  constitutional  symptoms  are  generally  slight, 
there  may  be  a  mild  degree  of  tox;emia  from  absorption  of  the 
products  of  tissue  necrosis. 

Septic  moist  gangrene  occurs  when  necrotic  tissues  are 
infected  with  sapropliytic  bacteria.  The  part  which  micro-organisms 
play  in  relation  to  this  form  of  gangrene  is  a  twofold  one.  In  the 
first  place,  the  toxins  secreted  by  them  may  l>e  directly  responsible 
for  the  death  of  the  tissues,  as  in  gangrenous  cellulitis  due  to  the 
Streptococcus  pijof/enes,  and  in  the  variety  known  as  infective,  specific, 
or  emphysematous  gangrene,  which  follows  infection  of  a  wound 
with  the  Bacillus  aerogenes  capsulatus,  the  Bacillus  coli,  or  the  Bacillus 
cedeniatis  maligni ;  or,  in  the  second  place,  they  gain  access  after 
the  gangrenous  process  has  commenced,  and  lead  to  the  putrefactive 
changes  which  characterize  septic  moist  gangrene.  Coincidently  with 
the  cardinal  signs  of  necrosis,  viz.  cessation  of  pulsation  in  the  vessels, 
loss  of  heat,  loss  of  sensation,  and  loss  of  pain,  the  skin  (presuming 
that  an  extremity  is  affected)  changes  in  colour.  The  amount  of  blood 
in  the  part  at  the  time  of  death  determines  the  primary  tint.  If  the 
part  be  ana;mic,  it  first  assumes  a  peculiar  waxy  hue  ;  if  hyper- 
vascular,  it  becomes  dusky  red  and  mottled  in  places  with  patches  of 
green  and  purple.  Bullse,  containing  dark-coloured  odorous  fluid,  form 
beneath  the  epidermis,  which  soon  gives  way  and  reveals  a  green  or 
black  slippery  derma.  Patches  of  green  slcin  now  separate  at  the 
least  touch,  ex^aosing  tlie  muscles,  which  are  seen  to  be  falling  apart 
and  liquefying. 

Meanwhile,  the  part  has  increased  in  size,  emits  a  foid  odour,  and 
frequently  crepitates  on  pressure  from  distension  with  putrescent 
gases.  Finally,  when  the  gangrene  ceases  to  spread,  a  line  of  separa- 
tion forms,  and  a  slimy,  fetid,  many-coloured  mass,  consisting  of 
disintegrated  and  partially  liquefied  soft  parts,  falls  away,  leaving  the 
bone  bare  and  dry. 

The  minute  changes  which  occur  may  be  summed  up  in  a  few 
words.  When  living  tissues  become  tlie  seat  of  a  septic  or  infective 
process,  the  bacterial  toxins  induce  such  an  excessive  leucocytosis  and 
proliferation  of  connective-tissue  cells  that  extensive  stasis,  followed 
by  thrombosis  in  the  small  vessels,  results.  Continued  action  of 
the  toxins,  aided  by  the  loss  of  blood  supply,  leads  to  necrosis  of 
the  tissue  cells,  which  then  undergo  the  changes  already  described 
under  Dry  Gangrene.    Haemoglobin   escapes   from   the  red  blood- 
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corpuscles,  and,  infiltrating  ■  the  sodden  tissues,  stains  them  a 
deep  red. 

The  putrefactive  changes  which  now  commence  are  due  solely  to 
the  action  of  bacteria  upon  dead  tissues.  As  the  process  is  one  of 
oxidation  and  ends  in  the  formation  of  carbonic  acid,  water,  and  free 
nitrogen,  tlie  rapidity  of  its  performance  depends  upon  the  supply 
of  oxygen  derived  from  the  air.  If  this  is  stinted,  the  intermediate 
products  are  relatively  greater  in  number,  and  occupy  the  transition 
stage  for  a  longer  period.  Putrefactive  bacteria,  such  as  the  various 
forms  of  Proteus,  the  Bacillus  fijogenes  fcetidus,  and  the  Micrococcus 
fmtidus,  by  their  action  upon  the  complex  proteid  molecule,  lead  to 
the  formation  of  a  variety  of  chemical  products,  nitrogenous  and  non- 
nitrogenous.  The  nitrogenous  products  are  free  nitrogen,  free  ammonia, 
foul-smelling  bodies,  indol,  skatol,  tyrosin,  ptomaines,  and  albumoses  ; 
while  the  non-nitrogenous  consist  of  gases  such  as  carbonic  acid, 
hydrogen,  sulphuretted  hydrogen,  and  marsh  gas,  also  irritating 
organic  acids,  as  formic,  butyric,  valerianic,  lactic,  and  succinic  acids. 

Owing  to  the  rapidity  with  which  the  gangrenous  process  spreads, 
and  the  number  and  variety  of  poisonous  products  that  are  formed, 
constitutional  symptoms  are  very  severe,  and  the  gravity  of  the  con- 
dition is  accentuated  when  a  large  area  of  the  body,  or  a  vital  organ, 
such  as  a  loop  of  intestine,  is  afi'ected.  The  characteristic  signs  of 
septic  intoxication — high  temperature,  rapid  feeble  pulse,  dry  brown 
tongue,  and  muttering  delirium — soon  develop,  and,  even  though 
energetic  measures  be  adopted,  death  frequently  takes  place  from 
exhaustion  or  pyaemia. 

Line  of  separation — In  both  dry  and  moist  gangrene  the 
dead  part  acts  as  an  irritant  to  the  living  tissues  immediately  in 
contact  with  it,  and  in  the  latter  form  this  irritative  effect  is  increased 
by  the  presence  of  bacteria.  In  consequence,  a  process  of  inflammation 
varying  in  intensity  with  the  character  of  the  gangrene,  and  leading 
to  the  formation  of  a  "line  of  demarcation,"  is  set  up  in  the  living 
tissues.  This  progresses  to  the  stage  of  granulation,  when  the  pro- 
teolytic action  of  leucocytes  or  bacteria  or  both  combined  leads  to  cell 
necrosis,  liquefaction,  and  suppuration.  A  line  of  ulceration  circum- 
scribing the  necrotic  area  now  appears  upon  the  surface ;  the  furrow 
thus  formed  deepens  gradually  until  separation  is  completed,  when  the 
dead  part  falls  away,  leaving  an  ulcer  which  heals  by  granulation. 
As  the  line  of  demarcation  depends  upon  the  inflammatory  reaction  in 
the  surrounding  tissues,  its  appearance  will  vary  in  different  cases. 

In  dry  gangrene,  owing  to  the  feeble  circulation  in  the  living  tissues 
and  the  absence  of  putrefaction  in  the  dead,  the  line  is  ill-defined  at 
first  and  forms  very  slowly.  It  is  also  very  unstable,  for  owing  to 
special  circumstances  which  will  be  discussed  later,  the  gangrene  may 
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spread,  and  tlie  process  be  repeated  several  times  before  the  final  line 
of  separation  appears.  Tlie  zone  of  inflammatory  hypertemia  and 
increased  warmth  in  the  living  tissues  is  so  slight  that  the  soft,  pale, 
healthy  skin  presents  a  vivid  contrast  to  the  hard,  darlc,  and  shrivelled 
area  of  gangrene.  A.s  bone  receives  a  better  supply  of  blood  than 
either  skin  or  muscle,  a  conical  stump  is  the  usual  result  of  spon- 
taneous separation. 

When  the  gangrene  is  moist,  but  aseptic,  the  inflammatory  reaction 
is  more  marked  and  the  process  of  separation  extends  with  greater 
rapidity,  though  in  other  respects  it  does  not  differ  very  markedly 
from  the  "  line  that  forms  in  the  dry  variety.  In  septic  moist  gan- 
grene, however,  the  inflammatory  zone  is  well  defined  ;  the  living 
tissues  are  bright-red,  turgid  with  blood,  oedematous,  hot,  and  painful, 
and  not  infrequently  the  inflanrmation  and  its  attendant  symptoms 
are  aggravated  by  lymphangitis  and  extensive  cellulitis.  If  all  goes 
well,  the  Ime  of  separation  deepens  rapidly,  and  the  dead  part  drops 
off  or  falls  away  from  the  bone  in  about  ten  days. 

In  some  instances,  owing  to  extension  of  the  gangrenous  process, 
a  line  of  demarcation,  together  with  an  abortive  furrow,  may  form 
several  times  before  actual  separation  takes  place.  This  extension 
usually  occurs  in  connexion  with  dry  or  senile  gangrene,  antl  may 
be  due  to  one  of  the  following  causes  :  (1)  the  inflammation  at  the 
periphery  of  the  dead  part,  even  though  very  slight,  may  be  relatively 
too  severe  for  the  anasmic  living  tissues,  which  consequently  succumb  ; 
(2)  bacteria  may  gain  access  and  lead  to  further  necrosis  ;  (3)  the 
cause  which  led  to  the  gangrene  in  the  first  instance  may  continue  its 
action  on  the  living  tissues. 

Treatment  of  gangrene. — Settuig  aside  the  details,  which 
depend  so  essentially  upon  the  nature  and  form  of  the  gangrene  that 
tliey  are  better  discussed  under  their  appropriate  headings,  the  general 
principles  of  treatment,  no  matter  what  the  variety  of  the  condition, 
are  clearly  defined. 

When  gangrene  is  threatened,  every  possible  means  must  be 
employed  to  render  the  part  aseptic,  by  careful  shaving,  by  thorough 
washing  with  soap  and  water  (paying  j^articular  attention  to  the 
nails  and  the  folds  of  the  skin),  and  by  enveloping  it  in  a  voluminous 
dressing  of  dry  sterilized  gauze  and  wool.  Warmth  must  be  main- 
tained by  hot-water  bottles,  so  arranged  that  the  part  cannot  come 
in  actual  contact  with  them ;  and  drainage  of  the  fluids  must  be 
assisted  by  the  relief  of  any  cause  of  constriction,  by  elevation,  by 
gentle  friction  towards  the  heart,  by  promotion  of  evaporation,  or 
by  a  timely  incision. 

When  gangrene  has  actually  occurred,  in  addition  to  the  foregoing 
routine  methods,  which,  besides  tenduig  to  check  its  spread,  also 
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dimmish  the  dangers  of  putrefaction  and  septic  absorption,  the  separa- 
tion of  the  dead  from  the  living  must  be  assisted,  or  amputation 
must  be  resorted  to. 

The  question  of  amputation,  and  the  site  at  which  it  shall  be 
performed,  will  depend  upon  the  cause  of  the  gangrene,  the  rapidity 
of  its  progress,  the  symptoms  which  accompany  it,  and  the  general 
condition  of  the  patient.  General  constitutional  treatment  must  be 
carried  out ;  the  patient's  strength  must  be  supported  by  stimulants 
and  suitable  nourishment,  the  excretions  must  be  regulated,  pain  must 
be  relieved  and  sleep  encouraged. 

When  an  operation  is  necessary,  the  method  of  inducing  anaes- 
thesia requires  careful  consideration.  In  many  instances,  owing 
to  the  feebleness  of  the  patient  or  the  condition  of  his  lungs,  a  general 
anaesthetic  is  unsuitable  ;  in  such  cases,  spinal  anaesthesia,  or  Bier's 
method  of  "  anaesthesia  by  venous  infiltration,"  should  be  employed. 
The  latter  method,  which  has  much  in  its  favour,  is  carried  out  in 
the  manner  described  by  another  writer  (see  under  Treatment  of 
Suppuration,  p.  191). 


CLASSIFICATION 

It  is  imijossible  to  draw  up  an  accurate  classification  of  gan- 
grene, owing  to  frequent  interaction  of  the  various  causes,  but  the 
one  now  given,  though  admittedly  imperfect,  is  based  on  a  com- 
bination of  clinical  and  pathological  grounds  and  includes  all  the 
important  varieties. 

I.  Gangrene  due  to  circulatory  disturbances. 

1.  Impairment  of  the  general  circulation. 

2.  Embolism. 

3.  Thrombosis. 

4.  Ligation  of  vessels. 

5.  Injury  of  vessels  (indirect  traumatic  gangrene). 

6.  Pressure  on  vessels. 

7.  Disease  and  degeneration  of  vessels  (senile  gangrene). 

8.  Spasm  of  arterioles  :   Rajmaud's  disease.  Ergotism. 

II.  Gangrene  due  to  defective  innervation. 

1.  Trophic  ulcers. 

2.  Certain  forms  of  bed-sore. 


III. 


Gangrene  due  to  injury. 

Direct  traumatic  gangrene. 
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IV.  Gangrene  due  to  physical  and  chemical  agents. 

1.  Heat. 

2.  Cold. 

3.  Escharotics. 

V.  Gangrene  due  to  infective  processes. 

1.  Acute  intlanimation. 

2.  Emphysematous  gangrene. 

3.  Cancrum  oris. 

4.  Phagedfcna. 

VI.  Diabetic  gangrene. 

I.  GANGRENE  AS  A  RESULT  OF  CIRCULATORY 
DISTURBANCES 

1.  Gangrene  due  to  impairment  of  the  general 
circulation  seldom  depends  upon  cardiac  insufficiency  alone, 
but  rather  upon  a  combination  of  circumstances  which  includes 
the  condition  of  the  arteries,  the  slowness  of  the  circulation,  and  the 
nutrition  of  the  tissues.  Malformations  of  the  heart,  degeneration 
of  its  muscle,  or  diseases  of  the  endocardium,  predispose  to  gangrene 
when  the  circulation  is  feeble,  or  actually  cause  it  by  liberating  emboli. 
A  patent  foramen  ovale,  and  mitral  or  pulmonary  stenosis,  predispose 
to  gangrene  because  aeration  of  the  blood  is  not  complete.  Degenera- 
tion of  the  cardiac  muscle  leads  to  lowered  blood  pressure,  feeble 
circulation,  and  capillary  stasis,  whereby  the  vitality  of  the  tissues 
is  so  diminished  that  they  readily  succumb  to  pressure,  to  a  trivial 
injury,  or  to  a  mild  degree  of  inflammation.  Exhausting  diseases, 
severe  hfemorrhage,  starvation,  and  physical  exhaustion  act  in  a 
similar  manner  on  the  tissues,  and  also  encourage  the  formation 
of  thrombi  in  the  vessels,  particularly  in  the  extremities,  where  the 
circulation  is  especially  feeble. 

Symptoms. — This  variety  of  gangrene  has  a  tendency  to  be 
dry  imless  thrombosis  or  embolism  of  a  large  vessel,  or  any  other 
cause  of  sudden  and  complete  stasis,  be  the  determining  factor,  when 
it  is  more  likely  to  be  moist.  The  symptoms  preceding  its  onset  are 
usually  masked  by  those  of  the  disease  or  condition  with  which  it  is 
associated.  Sooner  or  later  it  will  be  noticed  that  the  whole  or  part 
of  a  limb,  possibly  only  the  tip  of  a  digit  or  the  lobe  of  an  ear,  has 
become  cold,  pulseless,  and  insensitive  ;  or,  if  much  fluid  be  present, 
local  death  is  heralded  by  dusky- red,  indurated  patches  surmounted 
by  blebs  containing  sanious  fluid.  The  onset  of  gangrene  in  these  cases 
is  usually  a  terminal  sign,  is  often  symmetrical,  and  is  soon  followed 
by  the  death  of  the  patient. 
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Treatment. — The  occurrence  of  gangrene  may  be  delayed  or 
prevented  by  the  administration  of  cardiac  stimulants,  by  inhalation 
of  oxygen,  by  venesection  when  the  heart's  action  is  embarrassed, 
or  by  saline  infusion  when  fluid  is  required  during  the  stage  of  shock 
or  after  severe  hajmorrhage.  When  thrombosis  is  feared,  friction 
must  be  avoided  lest  emboli  be  set  free,  and  20-gr.  doses  of  sodium 
citrate  given  thrice  daily  for  the  purpose  of  diminishing  the  coagula- 
bility of  the  blood.  Warmth  in  the  part  must  be  maintained,  and  all 
sources  of  pressure  avoided.  Surgical  interference  is  seldom  required, 
as  the  condition  of  the  patient  usually  precludes  recovery.  If  an 
amputation  is  considered  advisable,  it  should  be  so  planned  as  to  be 
well  above  the  seat  of  obstruction. 

2.  Gangrene  due  to  embolism — Embolism  of  a  large 
artery  is  a  frequent  cause  of  gangrene.  It  acts  by  suddenly  cutting 
off  the  blood  supply  from  a  large  area  of  tissue  whose  vitality,  already 
lowered  by  pre-existing  cardiac  disease  or  endarteritis,  is  unable  to 
survive  the  temporary  ischsemia,  and  therefore  death  of  the  part  occurs 
before  an  efficient  collateral  circulation  can  be  established.  Without 
doubt,  disease  of  the  small  vessels  and  arterioles,  leading  to  a  diminution 
of  their  calibre,  is  the  most  important  factor  in  the  production  of 
gangrene  of  the  extremities  following  the  sudden  interruption  of  the 
arterial  circulation,  whether  it  be  due  to  embolism,  thrombosis,  or 
ligation ;  for,  in  the  limbs  at  all  events,  the  anastomotic  circulation  is 
usually  sufficient  to  maintain  life,  provided  the  small  vessels  are  of 
normal  size  and  resilience.  This  is  proved  by  the  number  of  times 
that  the  external  iliac,  the  common  femoral,  and  the  axillary  arteries 
have  been  ligated  with  impunity.  On  the  other  hand,  embolism  of  the 
superior  mesenteric  or  pulmonary  arteries  is  always  followed  by  gan- 
grene, as  their  terminal  twigs,  being  "  end  "  arteries,  do  not  anasto- 
mose. Embolism  is  more  frequent  in  the  old,  but  may  occur  at  any 
age.  Emboli,  though  usually  associated  with  organic  disease  of  the 
heart,  in  which  case  they  arise  from  vegetations  on  the  valves  or  from 
coagula  in  its  cavities,  are  sometimes  composed  of  calcareous  plates 
that  have  been  dislodged  from  an  atheromatous  artery ;  they  are 
usually  arrested  at  the  bifurcation  of  a  large  vessel,  particularly  in 
the  lower  extremity. 

Symptoms. — The  immediate  effect  of  an  embolus  is  the  onset 
of  intense  pain  at  the  site  of  its  arrest — a  most  valuable  sign,  inasmuch 
as  it  points  to  the  cause  and  position  of  the  obstruction.  The  flow 
of  arterial  blood  ceases,  and  the  skin  becomes  white  ;  later,  as  the 
collateral  circulation  develops,  it  regains  its  colour  over  an  area  corre- 
sponding to  the  distance  the  blood  has  permeated.  If  the  anasto- 
motic vessels  dilate  rapidly  enough  the  part  will  recover  completely, 
but  if  there  be  a  delay  in  the  re-establishment  of  the  circulation  a 
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portion  or  the  whole  of  it  will  die.  As  there  is  no  obstruction  to  the 
return  of  venous  blood,  the  gangrene  is  usually  of  the  dry  variety. 
If  drainage  of  the  blood  in  the  necrotic  area  be  defective,  however, 
the  skin  becomes  dusky  red,  bullfe  form  on  the  surface,  and  the  changes 
wliich  cliaracterize  moist  gangrene  follow  rapidly.  This  may  remain 
aseptic  throughout,  but  if  the  embolus  has  been  formed  by  an  infective 
vegetation  in  the  first  instance,  or  if,  as  is  only  too  probable,  bacteria 
should  gain  access  from  without,  signs  of  putrefaction  will  develop 
quickly. 

Treatment. — Tlie  limb  must  be  thorouglily  cleansed,  enveloped 
in  sterilized  wool  and  bandages,  and  elevated  as  soon  as  possible. 
By  the  employment  of  two  or  three  pillows  for  the  latter  purpose, 
warmth  is  maintained  and  pressure  evenly  distributed.  The  extent 
of  the  gangrene  will  be  evident  in  two  or  three  days.  As  a  rule,  a  con- 
siderable portion  of  the  limb  below  the  embolus  will  recover  ;  hence 
it  is  always  advisable  to  wait  for  at  least  forty-eight  hours  before 
adopting  radical  measures.  As  there  is  no  necessity  to  wait  for  a 
line  of  separation  unless  the  toes  alone  are  affected,  amputation 
should  be  performed  as  soon  as  the  limit  of  the  gangrene  is  defined. 
The  site  will  be  determined  by  the  anatomy  of  the  vessels  and  the 
extent  of  the  collateral  circulation. 

Generally  speaking,  when  gangrene  is  due  to  embolism  or  thrombosis, 
the  section  of  the  limb  should  be  made  above  the  seat  of  obstruction. 
This  applies  especially  to  the  popliteal  artery,  for  the  anastomosis 
between  the  profunda  femoris,  the  anastomotica  magna,  and  the  tibial 
arteries  is  rarely  sufficient  to  nourish  the  tissues  below  the  knee.  In 
cases  of  femoral  embolism,  amputation  below  the  block  may  be 
attempted  ;  but  if  during  the  operation  there  be  but  little  ha?mor- 
rhage,  a  higher  amputation  must  be  performed  immediately.  When 
embolism  is  followed  by  moist  gangrene,  immediate  amputation  above 
the  seat  of  obstruction  is  always  indicated. 

3.  Gangrene  due  to  thrombosis. — Thrombosis  may  occur 
either  in  an  artery  or  in  a  vein,  or  simultaneously  in  both. 

Arterial  thrombosis  is  generally  due  to  disease,  especially  endar- 
teritis, atheroma,  and  acute  arteritis.  It  usually  follows  injury  when 
the  tunica  intima  is  bruised  or  torn,  and  always  accompanies  embolism. 
In  various  infective  and  wasting  diseases,  such  as  typhoid,  tyj)hus, 
puerperal,  and  scarlet  fevers,  iDneumonia,  and  acute  rheumatism,  arterial 
thrombosis,  with  or  without  venous  thrombosis,  has  been  the  fore- 
runner of  gangrene.  In  many  instances  it  is  suggested  that  embolism 
of  the  vasa  vasorum  leads  to  endarteritis  and  its  resulting  thrombosis. 
The  vessels  most  often  affected  are,  in  the  order  of  frequency,  the 
aorta,  the  femoral,  the  popliteal,  and  the  common  iliac  arteries. 

Venous  thromhosis  alone  is  rarely  the  cause  of  gangrene,  even  when 
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an  important  vein  is  occluded,  for  tlie  number  of  superficial  and  deep 
veins  is  so  great,  and  tlieir  anastomoses  are  so  free,  that  there  is  always 
some  channel  by  which  the  blood  can  return.  Though  the  only  ob- 
vious cause  of  gangrene  of  the  lower  extremity  occurring  during  the 
com'se  of  typhoid  fever  has  been  throm bo-phlebitis  of  the  femoral  vein, 
it  is  highly  probable  that  other  conditions,  in  the  form  of  general 
debility,  toxaemia,  and  a  sluggish  circulation,  have  been  the  real  deter- 
mining factors.  On  the  other  hand,  venous  thrombosis  following 
pressure  due  to  prolonged  application  of  a  tight  bandage  or  a  tour- 
niquet, or  to  a  rapidly  growing  tumour  or  a  large  aneurysm,  is  usually 
followed  by  moist  gangrene  because  the  majority,  if  not  all,  of  the  veins 
are  obliterated.  Simultaneous  thrombosis  of  an  artery  and  a  vein, 
though  occasionally  resulting  from  any  of  the  causes  of  thrombosis 
already  mentioned,  more  often  follows  a  severe  injury  like  the  passage 
of  a  cart-wheel  across  a  limb,  when  the  coats  of  the  vessels  are  exten- 
sively damaged  or  torn. 

Symptoms.- — The  signs  of  gangrene  due  to  arterial  thrombosis 
develop  slowly,  and  are  generally  ushered  in  by  certain  premonitory 
symptoms.  The  limb  aches,  power  diminishes,  pain  and  cramps, 
followed  by  rigidity,  are  experienced  in  the  muscles,  and  soon  the  limb 
becomes  cold,  pulseless,  and  paralysed.  The  blanched  skin  is  marbled 
in  places  with  patches  of  red,  and  the  course  of  the  veins  is  mapped 
out  by  dusky  lines.  An  area  of  dry  gangrene,  depending  upon  the 
extent  of  the  collateral  circulation,  now  develops,  and  if  left  would 
in  time  be  cast  off  in  the  usual  manner.  When  necrosis  is  due  to 
venous  obstruction  alone,  or  to  both  arterial  and  venous  obstruction, 
the  skin,  instead  of  being  white,  becomes  oedematous  and  dusky-red 
from  congestion,  blebs  form  on  the  surface,  the  epidermis  peels  off, 
and  moist  gangrene  sets  in. 

Treatment. — When  the  gangrene  is  due  to  arterial  thrombosis,  the 
rules  already  laid  down  for  the  treatment  of  embolic  gangrene  hold 
good  ;  but  when  arterial  thrombosis  is  complicated  by  venous  obstruc- 
tion, or  when  venous  thrombosis  exists  alone,  an  amputation  above 
the  level  of  the  lesion  should  be  performed  as  soon  as  possible. 

4.  Gangrene  due  to  ligation  of  vessels. — Ligature  of 
the  main  artery  rarely  causes  gangrene  in  a  limb,  because  the  col- 
lateral circulation  in  healthy  vessels,  no  matter  how  feeble,  is  gener- 
ally sufficient  to  maintain  life  untU  the  arterioles  have  accommodated 
themselves  to  the  altered  conditions.  If,  however,  the  vitality  of 
the  tissues  is  already  lowered  by  exhausting  diseases,  or  if  the  peri- 
pheral and  collateral  vessels  are  narrowed  by  endarteritis  or  calcare- 
ous degeneration,  dry  gangrene  of  limited  extent  is  likely  to  occur. 
Again,  should  the  main  vein  be  ligated  or  damaged  at  the  same  time, 
gangrene,  though  not  absolutely  inevitable,  is  very  prone  to  super- 
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vene  ;  but  in  this  case,  as  the  tissues  are  loaded  with  fluid  at  the  time 
of  death,  and  the  source  of  natural  drainage  is  cut  ofl^,  the  gangrene 
will  be  moist.  When  ligation  in  continuity  is  performed  for  the  cure 
of  aneurysm,  the  conditions  are  somewhat  different.  Proximal  liga- 
ture close'  to  the  sac,  by  Anel's  method,  is  usually  free  from  danger  ; 
but  the  Hunterian  operation,  or  proximal  ligature  at  a  distance  from 
the  sac,  should  it  succeed  in  curing  the  aneurysm,  places  a  double  block 
upon  the  circulation,  one  at  the  site  of  ligature,  and  one  at  the  clotted 
aneurysm  ;  consequently,  the  life  of  the  part  below  the  sac  depends 
upon  the  dilatation  of  two  distinct  sets  of  collateral  vessels. 

The  symptoms  and  treatment  in  general  are  so  similar  to  those 
of  embolic  and  thrombotic  gangrene  that  repetition  is  unnecessary. 
One  detail  of  treatment,  however — the  site  of  amputation — requires 
discussion.  It  is  not  always  necessary  to  amputate  at  the  level  of  the 
ligature  if  the  artery  alone  is  occluded,  as  an  efficient  collateral  circu- 
lation will  nourish  the  tissues  for  a  considerable  distance  below.  This 
is  specially  noticeable  when  the  superficial  femoral  artery  is  tied,  for 
the  profunda  will  easily  rise  to  the  occasion  and  supply  the  limb  as 
far  as  the  knee.  Hence  a  knowledge  of  the  anatomy  of  the  arteries, 
and  the  exercise  of  a  little  patience  in  waiting  for  a  collateral  circula- 
tion to  develop,  will  often  permit  of  an  amputation  considerably  lower 
than  the  seat  of  obstruction. 

5.  Gangrene  due  to  injury  of  vessels. — This  form  is 
sometimes  spoken  of  as  indirect  traumatic  gangrene,  because  the  tissues 
which  die  are  generally  at  a  distance  from  the  seat  of  the  injury. 

Railway  accidents,  cart-wheel  crushes,  bullet  wounds,  fractures, 
etc.,  cause  injuries  to  the  vessels  of  varying  severity.  In  the  first 
place,  a  slight  contusion  may  cause  a  simple  plastic  endarteritis  or 
endophlebitis  which  will  be  followed  by  thrombosis  ;  secondly,  an 
injury  of  greater  severity  may  lead  to  rupture  of  the  intima  alone, 
when  thrombosis  and  complete  occlusion  of  the  vessel  will  ensue ; 
thirdly,  the  vessel  may  be  ruptured  or  completely  divided,  and  the 
effused  blood,  by  collecting  in  the  tissues,  so  compresses  the  neighbour- 
ing vessels  as  to  complete  the  obstruction  ;  fourthly,  a  displaced  frag- 
ment of  a  fractured  bone  may  lacerate  a  vessel,  or  so  compress  it 
as  to  stop  the  cii'culation  in  it ;  and  fifthly,  the  violence  may  be  so 
severe  that  every  structure  in  the  limb  at  the  site  of  its  application  is 
immediately  destroyed.    {8ee  Direct  Traumatic  Gangrene,  p.  22(5.) 

Symptoms. — The  form  of  gangrene  that  develops  depends  entirely 
upon  the  nature  of  the  injury,  the  vessel  or  vessels  that  are  damaged, 
and  the  presence  or  absence  of  septic  infection.  If  the  main  artery 
alone  is  damaged,  pulsation  in  the  vessel  ceases  abruptly  at  the  site 
of  injury,  and  the  limb  below  becomes  pallid,  cold,  insensitive,  and 
functionless.    Witliin  twenty-four  to  forty-eight  hours,  provided  that 
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extravasation  of  blood  is  slight  or  absent,  the  collateral  circulation 
develops,  and  complete  recovery  ensues  or  dry  gangrene  commences 
at  the  periphery.  If  the  vein  alone  is  injured,  the  limb  below 
becomes  dark,  congested,  and  oedematous,  and  t}'pical  signs  of  aseptic 
moist  gangrene  may  appear.  Should  rupture  of  the  artery  or  the 
vein,  or  both,  occur,  the  blood  escapes  into  the  tissues  in  such 
quantity  that  the  skin  appears  stretched  to  bursting-point ;  cessa- 
tion of  pulsation  below  the  injury  is  followed  by  considerable 
swelling  of  the  limb  owing  to  the  pressure  on  the  veins,  while  the 
slcin,  which  is  pale  and  bloodless  at  the  periphery,  becomes  tenser 
and  duslvy-red  towards  the  site  of  injury ;  blebs  filled  with  clear 
serum  rapidly  form,  the  epidermis  is  easily  rubbed  off,  exposing 
the  derma,  from  which  a  copious  exudate  of  bloody  serum  escapes. 
Numbness  and  tingling,  or  intense  pain  due  to  pressure,  are  felt  along 
the  course  of  the  nerves.  At  this  stage,  if  active  surgical  measures 
are  delayed,  moist  gangrene,  nearly  always  septic  in  character,  com- 
mences and  rapidly  sjDreads  up  the  limb,  while  the  patient  suffers 
with  severe  constitutional  symptoms  due  to  absorption  of  the  pro- 
ducts of  putrefaction.  Lastly,  in  those  cases  in  which  all  the  tissues 
are  destroyed  at  the  site  of  injury,  as  happens  when  the  wheel  of  a 
heavy  cart  passes  across  the  thigh,  the  limb  below,  deprived  of  its 
vascular  and  nervous  supply,  naturally  dies  and  as  it  was  full  of 
fluid  at  the  time  of  the  injury,  the  gangrene  is  primarily  moist.  The 
part  is  painless,  inert,  and  functionless,  causes  no  constitutional  spnp- 
toms,  and,  if  it  could  be  kept  free  from  putrefactive  organisms,  the 
fluid  would  evaporate,  and  it  would  slowly  dry  up  and  mummify. 
But  if  bacterial  infection  occur,  putrefaction,  with  its  attendant  train 
of  local  and  constitutional  symptoms,  will  set  in. 

Treatment.- — Immediately  the  case  is  seen,  the  most  elaborate  pre- 
cautions must  be  taken  to  render  the  part  aseptic  by  the  means 
described  (p.  209).  The  limb  should  be  examined  to  determine  the  pre- 
sence or  absence  of  circulation  and,  if  possible,  the  nature  and  extent 
of  the  injury.  If  the  tissues  are  so  severely  injured  that  recovery  of 
the  part  below  is  obviously  impossible,  amputation  must  be  performed 
as  soon  as  the  patient  has  recovered  from  shock ;  but  whenever  the 
presence  of  undamaged  tissues  between  the  threatened  area  and  the 
uninjured  part  leads  to  the  hope  that  gangrene  may  not  ensue,  it  is 
advisable  to  wait  for  several  hours  in  the  expectation  that  an  efficient 
collateral  circulation  will  develop.  The  delay  is  also  advantageous 
by  allowing  the  patient  to  recover  from  collapse  which  might  prove 
fatal  if  the  shock  of  an  immediate  amputation  were  superadded.  If 
within  twenty-four  hours  there  are  no  signs  of  recovery  in  the  part, 
or  if  gangrene  has  already  commenced,  an  amputation  should  be  per- 
formed above  the  site  of  the  injury.    If,  however,  a  collateral  circula- 
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tiou  has  developed,  the  greater  part  of  the  limb  may  recover  and  only 
the  distal  portion  become  gangrenous.  Then,  if  asepsis  be  maintained, 
and  evaporation  assisted,  the  necrotic  tissues  will  become  dry  and  may 
eitlier  be  allowed  to  drop  off  or,  as  is  usual  in  such  circumstances,  be 
removed  by  amputation,  but  at  a  much  lower  level  than  was  origin- 
ally anticipated.  Should  any  source  of  compression  embarrass  the 
circulation  at  the  time  of  injury,  or  during  the  period  of  waiting,  an 
incision  should  be  made,  clots  removed,  haemorrhage  arrested,  dis- 
placed fragments  of  bone  replaced  or  fixed,  and  the  condition  of  the 
main  vessels  determined.  If  either  an  artery  or  a  vein  is  found  to  be 
damaged,  it  is  again  advisable  to  wait,  in  the  hope  that  the  distal  parts 
will  recover  and  be  of  use  to  the  patient ;  but  when  both  vessels  are 
ruptured,  or  when  injury  to  one  of  them  is  complicated  by  laceration 
of  muscles  and  division  of  important  nerves,  the  immediate  danger  of 
septic  moist  gangrene  is  so  great,  and  the  limb  would  l)e  so  useless  in 
the  rare  event  of  its  recovery,  that  it  should  l)e  amputated  as  soon 
as  the  patient's  condition  jjermits. 

Another  matter  that  calls  for  careful  consideration  in  deciding  on 
the  proper  treatment  is  the  age  and  constitutional  condition  of  the 
patient.  Old  people  seldom  bear  injuries  well,  and  are  often  less  able 
to  undergo  tlie  strain  of  prolonged  convalescence  than  the  shock  of 
an  immediate  amputation  ;  wliile  the  vitality  of  their  tissues  is 
frequently  so  lowered  by  cardiac  disease,  arterio-sclerosis.  or  chronic 
nephritis,  that  gangrene  is  practically  inevitable  after  a  severe  injury. 
Immediate  amputation  is  therefore  called  for  more  often  tlian  in  the 
case  of  healthy  adults. 

6.  Gangrene  due  to  pressure. — Gangrene  of  the  extremi- 
ties may  be  due  to  pressure  on  the  vessels  from  a  tumour,  a  frac- 
tured or  dislocated  bone,  a  rapidly  enlarging  aneurysm,  or  prolonged 
constriction  with  a  tourniquet  or  a  tight  bandage.  It  is  always  moiSt, 
as  the  veins,  being  thin-walled,  are  more  readily  comjoressed  than 
their  companion  arteries.  The  symptoms  are  characteristic  :  swelling, 
congestion,  and  a?dema,  accompanied  hy  intense  pain  from  pressure 
on  the  nerves,  are  quickly  followed  by  the  classical  signs  of  moist 
gangrene.  When  necrosis  is  threatened,  treatment  must  be  directed 
towards  the  removal  of  the  cause.  If  complete  gangrene  has  already 
occurred,  immediate  amputation  is  called  for,  but  if  it  is  only  limited 
in  extent  and  aseptic,  conservative  measures  are  justifiable,  and  a 
line  of  demarcation  may  be  awaited.  The  treatment  of  gangrene 
following  aneurysm  is  considered  elsewhere. 

Another  and  special  form  of  pressure  gangrene  is  the  so-called 
bed-sore.  A  bed-sore  may  be  defined  as  a  gangrenous  idcer  due  to 
necrosis  of  the  skin  and  subjacent  tissues  from  continued  pressure, 
usually,  but  not  always,  assisted  by  dirt  and  moisture.  Bed-sores 
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develop  (1)  as  tlie  result  of  lowered  tissue  vitality  in  the  aged  and 
infirm  who  are  obliged  to  lie  in  one  position  for  a  prolonged  period, 
or  in  adults  the  subjects  of  exhausting  diseases,  such  as  pysemia, 
tj^Dhoid  fever,  etc.  ;  or  (2)  as  the  result  of  trophic  disturbances  in 
patients  of  any  age  suffering  from  injuries  or  diseases  of  the  nervous 
system  which  interfere  with  the  integrity  of  the  cerebro-spinal  centres 
or  the  peripheral  nerves.  They  commonly  occur  on  the  sacrum, 
buttocks,  and  heels,  for  these  are  the  places  usually  subjected  to 
pressure,  and,  in  the  absence  of  trophic  disturbances,  are  caused  by 
a  process  of  ansemic  necrosis  preceded  by  capiUary  thrombosis  ;  but 
if  due  to  any  nervous  affection,  though  usually  appearing  in  these 
regions,  they  may  develop  in  situations  far  removed  from  any  source 
of  pressure,  because  vasomotor  and  sensory  disturbances  so  modify 
the  nutrition  of  the  tissues  that  they  are  unable  to  resist  bacterial 
invasion. 

Symptoms. — In  tlie  early  stages  the  skin  feels  thicker  than  normal 
and  less  j^liant ;  its  colour  changes  to  a  dusky  red,  which  does  not 
disappear  when  pressure  is  applied,  and  very  soon  the  epidermis 
separates,  exposing  a  raw  surface.  If  promjDt  measures  are  now  taken 
to  relieve  the  pressure,  recovery  is  possible,  but  if  the  cause  is  allowed 
to  continue,  or  if  urine  and  fa3ces  contaminate  the  abrasion,  the  skin 
becomes  gangrenous,  and  on  separation  of  the  slough  a  clean-cut  ulcer 
with  very  little  surrounding  inflammation  is  revealed.  Every  degree 
of  severity  is  met  with,  from  a  small  abrasion  to  complete  destruction 
of  all  the  tissues  overlying  the  bone.  In  rare  cases,  infective  caries  of 
the  sacrum  has  led  to  death  from  meningitis. 

Treatment.- — It  is  customary  to  attribute  bed-sores  to  bad  nurs- 
ing ;  but  though  tlie  impeachment  may  be  justified  in  certain  cases, 
in  others  it  is  practically  impossible  to  prevent  their  formation,  especi- 
ally when  the  patient  is  bedridden,  and  paralysis  with  incontinence  is 
present.  Preventive  treatment  consists  of  varying  the  pressure  by 
frequently  altering  the  position  of  the  patient,  and  distributing  it  by 
placing  him  on  a  firm,  smooth  mattress,  a  water-bed,  or  a  ring  pillow. 
The  draw-sheet  must  be  kept  free  from  creases  and  changed  whenever 
it  becomes  damp  or  soiled,  and  various  devices  must  be  employed  to 
catch  the  urine  when  the  patient  is  incontinent.  The  skin  must  be 
thoroughly  washed  with  soap  and  warm  water  two  or  three  times 
daily,  carefully  dried,  sponged  with  methylated  spirit  or  eau-de- 
Cologne,  and  powdered  with  a  mixture  of  zinc  oxide  and  starch. 
When  a  bed-sore  has  once  formed,  the  separation  of  the  slough  should 
be  assisted  and  the  ulcer  dressed  with  a  stimulating  lotion,  such  as 
sulphate  of  zinc,  2  gr.  to  the  ounce,  until  healthy  granulations 
appear.  If  the  patient's  general  condition  permits  of  healing,  the 
raw  surface  may  be  covered  with  skin-grafts ;  but  if  the  conditions 
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are  not  favourable,  mild  antiseptic  or  sterile  dry  dressings  must  be 
employed  in  tlie  liope  of  preventing  the  enlargement  of  the  sore. 

7.  Gangrene  due  to  disease  and  degeneration  of 
the  vessels  (senile  gangrene). — Certain  diseases  and  degenera- 
tive changes  of  arteries,  leading  to  narrowing  of  their  lumen  and 
interference  with  their  elasticity,  though  occasionally  occurring  in  the 
young,  are  chiefly  met  with  in  later  life.  Hence  the  form  of  gangrene 
associated  with  them  is  known  as  senile  gangrene.  Of  these,  the  most 
important  are  atheroma  and  annular  calcification.  Their  development 
is  due  to  the  combined  effect  of  a  raised  blood-pressure,  the  result 
of  continued  muscular  exertion,  and  the  circulation  of  the  toxic 
substances  present  in  syj^hilis,  gout,  rheumatism,  Bright's  disease, 
alcoholism,  diabetes,  and  chronic  lead-poisoning.  The  changes  in  the 
vessels  may  be  the  result  of  syphilis,  and  are  then  characterized  by 
such  marked  hyperjjlasia  of  the  tunica  intima  that  the  lumen  of 
the  small  vessels  may  be  completely  obliterated  ;  or  they  may  be 
arterio-sclerotic  in  character,  the  initial  change  being  a  small-celled 
proliferation  commencing  primarily  in  the  deep  layers  of  the  intima 
or,  according  to  some  authorities,  in  the  media.  In  this  new  sub- 
endothelial  tissue,  which  may  become  definitely  fibrous,  fatty  de- 
generation occurs  and  is  sooner  or  later  followed  by  the  formation 
of  calcareous  plaques,  which,  besides  converting  the  vessel  into  a 
rigid  tube  unable  to  contract  or  expand,  frequently  project  into  and 
obstruct  its  lumen.  Calcareous  degeneration  may  occur  as  a  primary 
affection  of  the  middle  coat  of  small  arteries.  Owing  to  the  circular 
arrangement  of  the  muscles  in  which  the  lime  salts  are  deposited,  it 
is  known  as  annular  calcification. 

The  briefest  of  references  to  the  above  pathological  conditions  will 
serve  to  emphasize  the  importance  of  arterial  disease  as  a  predis^Josing 
cause  of  senile  gangrene.  The  small  vessels,  being  converted  into  tor- 
tuous, rigid,  narrow  tubes,  are  unable  to  contract  or  dilate  in  response 
to  the  needs  of  the  tissues,  whose  nutrition  consequently  suffers.  In 
addition,  their  narrowness  and  tortuosity,  by  slowing  the  circulation, 
favours  thrombosis,  while  the  projection  of  calcareous  plaques,  or  their 
escape  into  the  blood-stream,  determines  it.  Thrombosis,  once  com- 
menced, is  encouraged  by  the  roughness  of  the  intima,  and  may  extend 
in  an  upward  direction,  progressively  cutting  off  the  supply  of  blood 
to  distal  parts.  As  a  consequence  of  these  altered  conditions,  gangrene 
may  follow  the  most  trivial  lesion — a  pin-prick,  a  minute  abrasion,  a 
crack  between  the  toes,  a  septic  corn,  amateur  chiropody,  pressure  from 
tight  boots,  or  sudden  changes  of  temperature.  The  inflammatory 
reaction,  though  of  no  significance  in  health,  being  greater  than  the 
devitahzed  tissues  and  narrow  rigid  vessels  can  cope  with,  leads  to 
prolonged  stasis  and  necrosis. 
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Symptoms. — Senile  gangrene  occurs  more  often  in  men  tlian 
in  women,  in  the  proportion  of  about  20  to  1,  is  usually  limited  to  the 
toes  and  foot,  and  rarely  commences  before  40  years  of  age.  Its 
appearance  is  often  preceded  by  certain  symptoms  essentially  due 
to  arterial  disease  and  its  natural  sequel,  a  defective  circulation. 
Briefly,  they  consist  of  numbness  and  tingling,  persistent  cold  unrelieved 
by  the  application  of  warmth,  shooting  pains,  muscular  rigidity  and 
paresis  setting  in  while  walking  and  passing  off  with  rest,  and  a  diminu- 
tion of  tactile  sensation  which  leads  the  patient  to  feel  as  if  he  were 
treading  on  cotton-wool.  Examination  will  reveal  a  cold,  anaemic 
foot  with  impaired  sensation  that  does  not  correspond  to  any  particular 
nerve  area,  and  rigid  tortuous  arteries  in  which  there  is  little  or  no 
pulsation.  These  premonitory  signs  and  symptoms  are  of  the  utmost 
importance,  for  by  a  due  appreciation  of  their  significance  it  is  some- 
times possible  to  ward  off  an  attack  of  gangrene.  When  some  slight 
mechanical  violence  is  applied  to  a  toe  in  this  condition,  the  sldn  at 
the  site  of  pressure  or  injury  turns  from  white  to  a  dusky  red,  which 
does  not  disappear  on  pressure  ;  in  time  this  becomes  brown,  and 
finally  shrivelled,  black,  and  horny.  In  some  cases  a  blister  containing 
bloodstained  serum  first  forms,  and  when  the  cuticle  is  removed,  dusliy 
papUlse  which  tend  to  shrivel  and  dry  up,  forming  a  hard,  black  patch, 
are  exposed.  This  patch  may  separate,  leaving  an  ulcer  that  par- 
tially heals,  only  to  break  down  again  and  again.  Though  any  of  the 
toes  may  be  affected,  the  changes  usually  commence  in  the  great 
toe,  either  on  the  dorsum  or  close  to  the  nail.  Once  the  gangrenous 
process  has  started,  it  progresses  very  slowly,  and  it  may  be  months 
before  a  line  of  demarcation  forms.  If  sufficient  time  were  allowed  to 
elapse,  this  would  deepen  and  the  toe  would  drop  off  :  but,  unfor- 
tunately, the  process  more  often  spreads  either  to  adjacent  toes  or  along 
the  dorsum  of  the  foot ;  and  a  second  or  third  line  of  demarcation 
is  formed,  only  to  suffer  the  same  fate  as  its  predecessor.  As  the  more 
vascular  tissues  of  the  foot  become  involved,  it  is  not  uncommon  for 
the  necrotic  process  to  be  moist  on  the  dorsum  or  sides,  and  dry  in  the 
toes ;  but  if  asepsis  is  maintained  and  evaporation  assisted,  the  whole 
area  wUi  eventually  become  uniformly  dry.  In  the  early  stages  tlie 
patient's  health  is  fairly  good,  and  his  only  complaint  is  directed  to  the 
intense  shooting  pains  which  the  desiccated  contracted  tissues  induce 
in  the  long-lived  nerves  ;  but  in  time  this  pain  begins  to  tell  upon  his 
constitution — his  sleep  is  disturbed,  his  nutrition  suffers,  glycosuria 
from  absorption  of  toxic  products  may  set  in,  and  death  takes  place 
from  exhaustion  or  septic  intoxication. 

Treatment." — AVhen  premonitory  symptoms  give  warning  of  the 
near  approach  of  senile  gangxene,  prophylactic  measures  must  be  taken 
to  prevent  or  delay  its  occurrence.    The  circulation  should  be  assisted 
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by  gentle  exercise,  massage,  and  warm  baths,  of  wliicli  the  tempera- 
ture should  not  at  first  exceed  100°  F.  The  feet  must  be  kept  scru- 
pulously clean,  the  nails  carefully  pared,  and  the  patient  cautioned 
against  injury  either  by  wearing  tight  boots  or  by  lacerating  the  skin 
when  cutting  nails  and  corns.  The  feet  and  legs  should  be  kept  warm 
with  thick  woollen  stockings  ;  they  should  never  be  heated  before 
a  hot  fire,  for,  sensation  being  diminished,  dangerous  congestion  or 
possible  scorching  may  precipitate  the  onset  of  gangrene ;  while  ex- 
posure to  cold  in  frosty  weather  has  a  similar  effect.  The  diet  should 
be  light  and  nourishing,  the  amount  of  alcohol  taken  reduced  to  a 
minimum  or,  better,  discontinued  altogether,  and  small  doses  of  opium 
administered  for  the  purpose  of  relieving  pain,  dilating  the  capillaries, 
and  reducing  the  amount  of  sugar  should  the  condition  be  compli- 
cated by  glycosuria. 

Once  gangrene  has  developed,  all  exercise  must  be  stopped,  the 
foot  and  leg,  after  being  rendered,  as  far  as  possible,  aseptic  by  the 
methods  described  (p.  209),  should  be  wrapped  in  sterilized  gauze  and 
plenty  of  wool,  and  raised  on  a  chair,  or  placed  on  pillows  if  the 
patient  is  confined  to  bed.  A  daily  dressing  will  usually  suffice,  but. 
if  the  necrotic  process  exhibits  the  slightest  tendency  to  become 
moist,  frequent  changes  will  be  necessary.  When  local  conditions 
are  favourable  and  the  gangrene  is  limited  to  a  small  area  of  skin, 
the  black  patch  may  fall  off  and  the  ulcer  heal  ;  or  if  the  whole  toe 
is  involved,  and  both  local  reaction  and  general  constitutional 
symptoms  are  slight,  it  may  be  allowed  to  separate  naturally,  aided 
by  an  occasional  snip  (through  dead  tissues)  with  sterilized  scissors. 

Should  the  gangrene  be  spreading,  or  should  it  be  accompanied  by 
severe  pain  and  exhaustion,  the  question  of  early  atnputation  requires 
careful  consideration.  The  decision  will  be  influenced  by  the  age  of 
the  patient,  for  it  may  be  taken  as  a  general  rule  that  the  older  the 
patient  the  less  is  he  able  to  survive  a  long  and  exhausting  illness. 
Hence  the  practice  nowadays  is  to  resort  to  amputation  at  a  much 
earlier  date  than  formerly,  with  corresponding  improvement  in  the 
results.  With  regard  to  the  site  of  amputation,  experience  has  amply 
proved  that  the  high  amputation  advocated  by  Hutchinson  in  1884 
— e.g.  amputation  above  the  knee — is  the  one  method  of  ensuring 
success.  In  this  situation  the  tissues  are  well  supplied  with  blood, 
primary  union  of  the  flaps  is  practically  assured,  and  a  sound  stump 
is  obtained  which  allows  of  an  artificial  limb  being  readily  adjusted 
and  easily  worn.  Amputation  through  the  upper  part  of  the  leg  is 
very  often  followed  by  gangrene  and  sloughing  of  the  flaps,  necessitat- 
ing a  second  amputation  when  the  patient's  strength  is  further  sapped 
by  septic  absorption  ;  and  even  in  the  event  of  its  being  successful, 
the  extra  length  of  limb  that  is  preserved  is  of  very  slight  advantage 
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to  patients  who  are  usually  past  active  work  and  can  get  about  quite 
well  enougli  with  the  shorter  stump.  Therefore  the  hest  loorking  rule 
for  the  treatment  of  senile  gangrene  is  early  amputation  above  the  knee. 

Of  late  years,  since  the  surgery  of  the  blood-vessels  has  made  such 
enormous  strides,  a  conservative  method  of  treatment  for  incipient 
or  actual  senile  gangrene  by  arterio-venous  anastomosis  has  been  de- 
veloped, and  doubtless  in  the  course  of  time  will  become  an  estab- 
lished and  successful  procedure.  Cases  have  been  reported  by  C.  A. 
Ballance,  D.  J.  Armour,  Jaboulay,  and  others,  in  some  of  which  a 
measure  of  success  has  been  obtained.  The  operation  consists  in 
making  an  axial  anastomosis  between  the  femoral  artery  and  femoral 
vein  in  Hunter's  canal,  and  aims  at  arresting  the  progress  of  the 
gangrene  by  conveying  arterial  blood  to  the  tissues  of  the  leg  through 
the  healthy  veins,  in  order  that  the  nutrition  of  the  limb  may  be  suffi- 
ciently good  to  allow  of  natural  separation  of  the  dead  part,  or  permit 
an  amputation  at  a  very  short  distance  above  it.  In  Ballance' s  case 
"the  immediate  effects  were  striking;  arterial  blood  was  transmitted 
by  way  of  the  veins  to  the  foot,  the  warmth  of  the  foot  was  increased, 
the  advance  of  the  gangrene  (obvious  before  the  operation)  was  stayed, 
a  definite  line  of  demarcation  appeared  on  the  inner  three  toes,  and 
the  skin  proximal  to  the  line  of  demarcation  again  became  sensitive, 
so  that  light  touches  were  readily  located."  Death  took  place  four 
months  later  from  mesenteric  thrombosis.  During  the  interval  no 
extension  of  the  gangrene  had  occurred,  and  the  affected  toes  had 
nearly  separated  from  the  foot.  The  result  of  the  operation  in  this 
case  appears  to  justify  the  hope  already  expressed,  that  in  time 
early  amputation  at  a  high  level  for  senile  gangrene  will  not  be  such 
an  urgent  necessity  as  it  is  at  present. 

Gangrene  due  to  arteritis  obliterans,  sometimes 
called  "  pre-senile  gangrene,"  is  a  form  of  dry  gangrene  occurring  in 
persons  between  the  ages  of  20  and  50.  It  is  essentially  due  to 
changes  which  commence  in  the  small  vessels  and  gradually  spread 
upwards,  leading  to  obliteration  of  the  arteries  and  thickening  of  the 
intima  of  the  veins.  The  process  is  one  of  hyperplastic  endarteritis, 
followed  by  thrombosis,  and  though  more  frequently  attacking  the 
arteries  of  the  lower  extremity,  it  may  affect  those  of  the  upper  limb 
alone,  or  commence  simultaneously  in  both.  According  to  Weiss,  the 
gangrene  is  ultimately  due  to  thrombosis  induced  by  the  sclerotic 
changes  in  the  vessels,  while  Wulff  regards  abnormal  vasomotor  con- 
striction, analogous  to  Raynaud's  disease,  as  the  determining  factor, 
and  bases  his  hypothesis  on  the  fact  that  the  narrowing  of  the  vessels 
in  many  cases  has  been  due,  not  to  thickening  of  the  intima,  but  to 
hypertrophy  of  the  muscular  coat.  Though  in  all  probability  a  sequel 
of  syphilis,  this  form  of  endarteritis  has  also  been  ascribed  to  the 


A  rare  example  of  bilateral  dry  gangrene  affecting  all  four  extremities, 
in  a  young  West  Indian  native.  The  onset  was  sudden,  and  was  accom- 
panied by  numbness,  tingling,  and  pain.  In  the  absence  of  any  history 
or  evidence  of  endarteritis,  syphilis,  or  ergotism,  the  determining  cause 
must  be  ascribed  to  Raynaud's  disease.  Haemoglobinuria  was  probably 
present  during  the  first  two  days.    (C.  C.  C/ioycc's  case.) 


Plate  28. 
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action  of  cold,  the  abuse  of  alcohol  and  tobacco,  mineral  and  organic 
poisons,  and  diabetes. 

The  symptoms  are  often  characteristic.  On  taking  exercise 
the  patient  suffers  from  numbness,  tingling,  itching,  cyanosis,  and 
weakness  of  the  legs,  wliich  pass  off  again  with  rest ;  consequently 
the  terms  "  intermittent  limp  "  and  "  intermittent  claudication  "  have 
been  applied  to  this  condition.  The  femoral,  brachial,  or  subclavian 
arteries  can  be  felt  as  liard  cords,  and  little  or  no  pulsation  can  be 
detected  in  the  peripheral  vessels.  In  due  course  dry  gangrene  sets 
in,  invading  a  finger,  a  toe,  a  portion  or  the  whole  of  an  extremity. 

Treatment  in  the  early  stages  must  be  dn-ected  to  the  main- 
tenance of  warmth,  the  relief  of  pain,  and  the  removal  of  any  possible 
cause  of  irritation.  Antisyphilitic  remedies  may  be  tried  for  a  time, 
though  they  do  not  appear  to  have  had  any  beneficial  eff'ect  in  reported 
cases.  A  gangrenous  digit  may  be  allowed  to  drop  off,  but  when  a 
foot  or  a  hand  is  implicated,  amputation  above  the  knee  or  the  elbow  is 
usually  necessary. 

8.  Gangrene  due  to  spasm  of  the  arterioles. — 
Under  this  lieading  two  forms  of  gangrene  call  for  description,  viz. 
gangrene  due  to  Raynaud's  disease,  and  gangrene  due  to  ergot.  Gan- 
grene caused  by  spasm  of  arterioles  following  cold  will  be  discussed 
later. 

Gangrene  due  to  Raynaud's  disease,  sometimes  incor- 
rectly termed  "  symmetrical  gangrene,"  is  a  variety  of  suj^erficial 
gangrene  following  spasm  of  the  arterioles  of  nervous  origin.  Though 
generally  bilateral,  it  may  be  unilateral,  and  even  limited  to  the  dis- 
tribution of  a  single  nerve,  but  it  is  seldom  symmetrical  as  its  oft- 
used  synonym  implies.  In  a  rare  case  of  Choyce's,  all  four  extremities 
were  affected  (Plate  28).  In  some  instances  it  is  liighly  probable  that  the 
arterial  spasm  is  an  independent  disease  of  the  nature  of  an  angio- 
neurosis  ;  but  in  the  majority  of  cases  it  is  merely  a  syndrome  created 
by  some  nervous  affection,  such  as  hysteria,  tabes,  epilepsy,  syringo- 
myelia, and  certain  forms  of  neuritis.  When  occurring  as  a  patho- 
logical entity,  the  condition  is  not  a  serious  one,  and  seldom  leads 
to  more  than  superficial  necrosis.  It  generally  commences  in  women 
between  tlie  ages  of  18  and  30,  is  often  developed  by  cold,  affects 
the  fingers  of  either  or  both  hands,  and  less  commonly  the  toes,  the 
tips  of  the  ears,  and  the  nose.  The  term  "  Raynaud's  gangrene " 
should  only  be  applied  to  those  cases  which  are  preceded  by  certain 
phenomena  known  as  local  syncope  and  local  asphyxia,  and  which 
are  unaccompanied  by  obstruction  or  disease  of  the  main  arteries. 

Symptoms. — Very  often,  as  the  result  of  some  mental  sliock,  or 
under  the  stress  of  intense  emotion,  the  fingers  become  pale,  bloodless, 
insensitive,  and  shrunken,  owing  to  contraction  of  the  arterioles  [local 
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syncope).  In  time  tne  spasm  is  followed  by  relaxation,  and  the  digit 
becomes  Avarm,  hypera?sthetic,  and,  owing  to  the  extremely  sluggish 
circulation,  so  deeply  congested  as  to  be  almost  black  {local  asphyxia). 
These  attacks  occur  more  often  in  the  winter,  and,  apart  from  hysterical 
manifestations,  may  start  during  or  after  a  meal,  when  getting  up  in 
the  morning,  or  when  the  patient  is  tired.  If  recovery  is  incomplete 
between  the  paroxysms  the  duskiness  of  the  fingers  continues  for  some 
days,  the  pain  increases,  small  sanious  blebs  form,  and  at  first  sight 
it  appears  as  if  several  fingers  were  about  to  die.  Ultimately,  how- 
ever, the  circulation  gradually  improves,  the  normal  colour  returns,  and 
only  a  small  area  of  skin  and  subcutaneous  tissue  becomes  gangren- 
ous and  is  cast  off  as  a  dry,  black  slough.  The  whole  process  is  so 
slow  that  weeks  or  months  may  elapse  before  separation  is  accom- 
plished. The  condition  occasionally  simulates  senile  gangrene  and  so 
may  give  rise  to  difficulties  in  diagnosis,  but  if  it  be  remembered  that 
Raynaud's  disease  is  generally  bilateral,  is  limited  to  the  skin  and  sub- 
cutaneous tissues,  affects  several  digits,  attacks  the  fingers  more  often 
than  the  toes,  and  is  unassociated  with  arterial  disease,  a  mistake  is 
not  likely  to  occur. 

Treatment.- — When  gangrene  is  threatened,  local  treatment 
consists  in  soaking  the  fingers  in  tepid  salt  water,  drying  them 
thoroughly,  and  wrapping  them  up  in  cotton-wool  or  thick  woollen 
gloves.  Necrotic  patches  must  be  enveloped  in  dry  aseptic  dressings 
and  allowed  to  separate  naturally.  General  constitutional  treatment 
should  be  directed  against  the  disease,  and  opium  may  be  given  in 
small  doses  for  the  relief  of  pain.  Cases  of  Raynaud's  disease  affecting 
the  hands  alone  have  been  recorded  in  which  the  symptoms  have 
been  ameliorated  by  stretching  the  median  and  ulnar  nerves ;  but 
this  line  of  treatment  is,  of  course,  only  suitable  when  the  disease 
is  independent  of  an  organic  lesion. 

Gangrene  due  to  ergot. — The  prolonged  ingestion  of 
bread  made  from  rye  infected  with  the  Claviceps  purpurea  leads  to 
tonic  contraction  of  the  peripheral  arterioles,  degeneration  of  their 
inner  coats,  thrombosis,  and  dry  gangrene.  Ergotism  is  now  very 
rare,  and  practically  limited  to  Central  and  Eastern  Europe.  It  is 
liable  to  occur  in  cold  wet  summers  (climatic  conditions  that  favour 
the  growth  of  the  fungus),  and  mainly  affects  the  poorer  agricultural 
classes,  who  are  often  obliged  to  live  on  bread  made  of  the  diseased 
gram  that  cannot  be  sold.  Middle-aged  men  appear  to  be  peculiarly 
susceptible  to  the  poison,  and  develop  gangrene  more  often  than 
women  and  children,  owing  to  premature  arterio-sclerosis  from  hard 
work  or  chronic  alcoholism. 

Symptoms. — The  early  signs  of  ergotism  are  manifested  by  dis- 
turbances of  the  central  nervous  and  digestive  systems.  Giddiness, 
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buzziug  in  the  ears,  blurred  vision,  numbness,  tingling,  and  liyper- 
gestliesia  are  accompanied  by  attacks  of  diarrhoea  and  vomiting ; 
later,  spasm  of  the  muscular  arterioles  causes  painful  burning  cramps, 
defective  circulation,  and  coldness  of  the  extremities.  At  this  stage 
gangrene  due  to  perij^heral  thrombosis  is  very  apt  to  occur.  It  is 
iisually  of  the  dry  type,  often  bilateral,  generally  affects  the  toes  and 
feet,  although  the  fingers,  nose,  and  ears  may  be  attacked.  The 
process  is  so  slow  that  one  or  two  years  may  elapse  before  the  dead 
part  separates,  while  the  amount  lost  varies  from  a  digit  to  the  greater 
portion  of  an  extremity. 

Treatment. — The  premonitory  symptoms,  if  recognized,  may 
be  relieved  and  the  gangrene  prevented  by  cutting  off  the  supply  of 
infected  bread,  by  administering  large  quantities  of  coffee,  and  by 
applymg  warmth  and  friction  to  the  affected  extremities.  When 
gangrene  actually  occurs,  expectant  treatment  should  be  adopted, 
surgical  interference  being  deferred  until  a  definite  line  of  demarcation 
has  formed. 

II.  GANGRENE  DUE  TO  DEFECTIVE  INNERVATION 

Disorders  of  the  nervous  system  predispose  to,  or  actually  cause, 
gangrene,  without  any  co-existing  vascular  disease,  as  is  clearly 
demonstrated  by  Raynaud's  gangrene,  ansesthetic  leprosy,  and  the 
occurrence  of  sloughing  on  the  paralysed  side  in  cases  of  hemiplegia, 
even  though  the  patient  has  been  laid  upon  the  unaffected  side  and 
every  precaution  has  been  taken  to  prevent  pressure  and  microbic 
infection.  But  undoubtedly,  in  the  majority  of  cases,  defective  inner- 
vation onl}^  acts  as  a  predisposing  cause  of  gangrene  by  modifying 
the  nutrition  of  the  part,  and  interfering  with  the  defensive  proper- 
ties of  the  tissues  against  bacterial  infection,  thereby  allowing  pres- 
sure, or  thermal  and  chemical  agents,  to  act  as  the  exciting  cause. 
Well-known  examples  of  this  type  are  the  bed-sores  and  splint-sores 
that  form  on  paralysed  parts  as  the  result  of  continued  pressure, 
the  perforating  idcer  of  the  foot  that  develops  (again  as  the  result 
of  pressure)  in  tabes  dorsalis,  and  the  painless  whitlows  and  extensive 
burns  that  cccur  in  syringo-myelia.  Excej)t  Raynaud's  disease  and 
anaesthetic  leprosy,  the  form  of  gangrene  that  occurs  in  these  cases 
is  always  moist,  generally  septic,  and  spreads  rapidly  if  extension 
commences. 

Treatment. — A  paralysed  limb  should  always  be  kept  warm,  and 
all  sources  of  pressure  avoided  or  removed.  Should  sloughing  occur, 
it  must  be  treated  like  a  bed-sore  (p.  217).  If  spreading  moist  gangrene 
affects  an  extremity,  an  amputation  well  above  its  limit  is  clearly 
indicated, 
p 
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III.  GANGRENE  DUE  TO  INJURY  (DIRECT  TRAUMATIC 

GANGRENE) 

The  term  "  direct  traumatic  gangrene  "  is  employed  to  denote 
death  of  the  tissues  from  a  severe  injury  when  the  necrotic  process 
takes  place  at  the  point  of  application  of  the  violence.  For  instance, 
the  passage  of  a  cart-wheel  over  the  fingers  or  toes  will  so  lacerate 
the  vessels  and  crush  the  tissues  that  their  vitality  is  destroyed  at 
once.  Injuries  of  this  kind,  if  applied  at  a  higher  level,  will  not  only 
cause  direct  gangrene,  but,  by  damaging  the  vessels  and  nerves  lead- 
ing to  the  lower  part  of  the  limb,  may  also  lead  to  indirect  gangrene 
of  distal  parts,  as  has  been  fully  described  in  the  section  devoted 
to  gangrene  following  injuries  of  vessels. 

Symptoms. — Direct  traumatic  gangrene  is  always  primarily 
moist,  because  the  injured  tissues  are  loaded  with  fluid  at  the  time 
of  death  ;  but  the  local  appearance  and  constitutional  symptoms  will 
depend  upon  the  possibility  of  securing  asepsis  immediately  after  the 
injury.  If  all  efforts  in  this  direction  fail,  the  typical  signs  of  septic 
moist  gangrene  will  develop  and  spread  with  rapidity,  while  the  patient 
suffers  from  severe  constitutional  symptoms  due  to  absorption  of  the 
products  of  putrefaction.  But  if  the  case  is  seen  early,  and  efficient 
measures  are  taken  to  ensure  asepsis,  local  signs  and  constitutional 
symptoms  of  septic  moist  gangrene  do  not  appear.  The  dead  part 
either  separates  en  masse  by  a  process  of  aseptic  moist  gangrene,  or 
it  becomes  infiltrated  Avitli  connective-tissue  cells,  which,  together 
with  the  leucocytes  in  the  effused  blood,  gradually  remove  the  necrotic 
material  and  form  fresh  tissue.  This  latter  process  is  identical  with 
that  known  as  healing  by  blood-clot.  While  this  is  taking  place,  though 
a  small  portion  of  the  dead  tissue  may  separate  in  the  form  of  a  dry 
slough,  the  zone  of  inflammatory  reaction  is  very  slight,  and  consti- 
tutional symptoms  are  conspicuous  by  their  absence.  Lastly,  if  at 
the  time  of  injury  the  lacerated  tissues  are  infected  with  dust  and 
dirt  in  which  various  gas-forming  bacilli  are  present,  one  of  the  most 
serious  forms  of  gangrene — viz.  emphysematous  gangrene — will  com- 
mence and  spread  with  fearful  rapidity.  Owing  to  the  method  of  its 
production,  this  latter  variety  is  sometimes  called  acute  spreading 
traumatic  gangrene. 

Treatment. — From  the  foregoing  it  will  be  readily  understood 
that  the  keynote  to  success  is  the  promotion  of  asepsis.  Of  course, 
when  a  foot  or  a  hand  is  crushed  to  pulp,  or  when  a  comminuted  frac- 
ture makes  it  exceedingly  unlikely  that  the  limb  will  be  of  any  use, 
the  only  possible  procedure  is  an  immediate  amputation  through 
living  tissues  ;  but,  when  the  part  is  not  quite  so  severely  injured,  it 
may  be  possible  to  save  it  by  adopting  conservative  measures.  For 
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this  purpose  a  general  ansesthetic  is  advisable,  in  order  that  the  extent 
of  the  injuries  may  be  ascertained  and  the  wound  thoroughly  cleansed. 
If  the  skin  is  lacerated,  the  edges  should  be  excised,  and  approximated 
with  a  few  sutures  after  htemorrhage  has  been  arrested,  and  foreign 
bodies,  loose  pieces  of  tissue,  bone,  etc.,  have  been  removed.  The  part  is 
then  enveloped  in  a  voluminous  dry,  sterilized  dressing,  and  carefully 
watched. 

In  the  event  of  limited  gangrene  setting  in,  conservative  treat- 
ment is  only  permissible  when  it  is  judged  that  a  useful  limb  will 
be  obtained  after  the  separation  of  the  dead  part.  If  this  appears 
impossible  from  the  nature  of  the  injury,  or  if  the  patient  is  old  and 
debilitated,  or  if  the  gangrene,  though  limited,  is  accompanied  by 
septic  intoxication,  early  amputation  is  called  for. 

IV.  GANGRENE  DUE  TO  PHYSICAL  AND  CHEMICAL 

AGENTS 

L  Gangrene  due  to  heat. — As  burns  and  scalds  will  be 
described  in  a  separate  article  (p.  291),  it  is  sufficient  to  point  out 
here  tliat  heat  causes  gangrene  by  inducing  coagulation  of  the 
albuminous  elements  of  the  tissues.  A  temperature  of  132°  F. 
coagulates  myosinogeu  and  fibrinogen,  and  therefore  solidifies  and 
destroys  the  tissues. 

2.  Gangrene  due  to  cold. — The  ultimate  effect  on  the 
body  of  a  low  temperature  is  determined  by  the  degree  of  cold,  the 
period  of  exposure,  and  the  resistance  of  the  tissues.  Damp  cold, 
owing  to  the  obstacles  it  raises  to  eflicient  evaporation,  produces 
more  serious  results  than  dry  cold.  Short  exposure  to  intense  cold, 
or  prolonged  exposure  to  a  less  severe  degree  of  cold,  may  result  in 
nothing  more  serious  than  a  chilblain ;  but  prolonged  exposure  to 
intense  cold,  particularly  in  tliose  who  are  weakly  or  debilitated 
either  by  age  or  alcohol,  causes  frost-bite  or,  in  other  words,  gan- 
grene. The  first  effect  of  cold  is  to  cause  contraction  of  the  blood- 
vessels and,  in  consequence,  slowmg  of  the  circulation  and  blueness  of 
the  skin.  If  exposure  is  prolonged,  the  vessels  contract  to  such  an 
extent  that  the  circulation  ceases  altogether  and  the  skin  becomes 
wliite  and  insensitive.  If  this  condition  is  allowed  to  exist  for  any 
length  of  time,  necrosis  takes  place  from  anaemia  ;  or  if  warmth  is 
suddenly  applied  to  the  part  which,  though  pale,  still  retains  its 
vitality,  vaso-dilatation  is  so  excessive  that  stasis  and  thrombosis 
occur,  and  the  tissues,  already  enfeebled  by  defective  circulation, 
become  gangrenous.  As  might  be  expected,  the  parts  that  are 
most  often  affected  are  those  which  are  most  exposed — viz.  the  fingers, 
toes,  ears,  and  nose. 
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Symptoms. — The  local  effects  of  cold  are  manifested  in  several 
ways.  A  limited  exposure  to  intense  cold  causes  the  skin  to  become 
cedematous,  swollen,  and  dusky-red  or  purple  in  colour.  The  redness 
disappears  on  pressure  and  returns  very  slowly.  This  condition  is 
known  as  pernio  or  cliilhlain,  and  the  phenomena  which  accompany  it 
are  due  to  the  sluggish  circulation.  The  patient's  attention  is  attracted 
by  the  sensation  of  burning  and  intolerable  itching  that  exposure 
to  heat  induces.  The  toes  and  fingers  are  usually  attacked ;  and  the 
condition  tends  to  disappear  as  the  warm  weather  approaches.  Should 
the  cold  act  for  a  longer  period,  obstinate  cracks  and  fissures  appear, 
or  a  blister  may  form  and  be  followed  by  an  acute  spreading  ulcer 
which  is  atonic  and  very  slow  in  healing.  When  gangrene  develops 
the  skin  becomes  livid  and  marbled,  bulte  rapidly  form,  and  the 
necrotic  tissue  separates  in  the  form  of  dry  white  or  black  sloughs. 

In  some  instances  the  reactionary  inflammation  and  its  attendant 
thrombosis  may  be  so  extensive  as  to  lead  to  the  death  of  a  whole 
limb.  In  these  cases  the  gangrene  has  a  great  tendency  to  become 
dry,  spreads  very  slowly,  and,  as  in  senile  gangrene,  may  repeatedly 
extend  beyond  an  abortive  line  of  demarcation. 

Treatment — A  patient  afi'ected  by  cold,  and  threatened  with 
frost-bite,  should  be  removed  from  the  low  temperature  as  soon  as 
possible  and  placed  in  a  room  with  a  very  small  fire,  for  if  he  be  brought 
immediately  into  a  warm  atmosphere,  sudden  vaso-dilatation  and 
thrombosis  will  be  favoured.  The  threatened  parts  should  be  rubbed 
gently  with  snow  or  smooth  pieces  of  ice  to  commence  with,  and  after- 
wards with  cold  water  until  signs  of  returning  circulation  appear  ;  the 
temperature  of  the  room  may  then  be  raised  gradually  to  50°  F.,  at 
which  it  should  be  kept  until  the  vitality  of  the  member  is  assured. 
The  patient  should  then  be  wrapped  in  blankets,  put  to  bed,  and 
given  lukewarm  soup  or  cofliee,  but  no  alcohol.  If  gangrene  super- 
venes the  part  must  be  kept  dry  and  aseptic  while  a  line  of  demarca- 
tion is  awaited.  A  superficial  slough,  or  a  small  portion  of  a  digit, 
may  be  allowed  to  separate  naturally,  but  gangrene  of  a  portion  of 
an  extremity  should  be  treated  by  amputation  at  a  convenient 
distance  above  its  limits  as  soon  as  there  is  definite  evidence  of  a 
permanent  line  of  demarcation. 

3.  Gangrene  due  to  escharotics.  —  Strong  acids  and 
alkalis  cause  immediate  local  necrosis  by  their  caustic  action.  Acids 
coagulate  the  blood  and  cytoplasm,  while  alkalis  cause  liquefaction 
of  the  tissues  ;  hence  in  the  former  the  gangrene  is  dry,  and  in  the 
latter  moist.  Within  recent  years  many  cases  of  gangrene  due  to 
the  local  application  of  carbolic  acid  have  been  recorded.  In 
nearly  every  instance  it  followed  the  employment  of  a  dilute  solution 
(1-100,  1-50),  applied  for  several  hours  as  a  wet  dressing  to  a  finger 
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or  toe.  The  death  of  the  part  is  due  to  a  direct  chemical  action  on 
all  the  tissues,  for  the  epidermis,  by  first  becoming  cedematous,  loosened, 
and  devitalized,  allows  the  watery  solution  of  tlie  acid  to  soak  into 
and  destroy  the  deeper  layers,  its  action  in  this  respect  being  analo- 
gous to  that  of  mineral  acids.  Different  observers  have  proved  that 
carbolic-acid  gangrene  may  be  produced  in  twenty-four  hours  by  a 
1  per  cent,  solution,  in  twelve  liours  by  a  2  per  cent,  solution,  and  in 
three  or  four  hours  by  stronger  solutions. 

Symptoms. — Following  the  application  of  a  carbolic-acid  com- 
press, blanching  and  crenation  of  the  skin  are  accompanied  by  itch- 
ing and  paresthesia  gradually  merging  into  anaesthesia.  The  loss 
of  sensation  is  comforting  to  the  patient,  particularly  if  the  comjjress 
has  been  aj^jjlied  to  a  painful  finger,  and  induces  him  to  leave  the 
dressing  undisturbed.  When  it  is  eventually  removed,  the  digit  is 
found  to  be  stiff,  cold,  insensitive,  and  pale-yellow  or  brown,  exhibit- 
ing a  striking  contrast  to  the  adjacent  living  tissues  rendered  hyper- 
ajmic  and  swollen  by  inflammatory  reaction. 

Treatment. — The  choice  lies  between  amputation  and  awaiting 
the  formation  of  a  line  of  demarcation  with  natural  separation.  Of 
these  courses,  tlie  former  is  preferable,  as  soon  as  the  inflammatory 
reaction  has  subsided. 

V.  GANGRENE  DUE  TO  INFECTI\^E  PROCESSES 

There  are  four  varieties  of  gangrene  that  fall  vmder  the  above 
heading :  (1)  that  due  to  acute  inflamntation,  (2)  emphi/seinatous 
gangrene,  (3)  cancruiii  oris,  and  (4)  pJiagedcena.  In  these  forms 
the  death  of  the  tissues  is  primarily  due  either  (a)  to  the  more  or 
less  mechanical  effect  of  an  acute  inflammation  excited  by  the 
presence  of  bacteria,  or  (b)  to  the  direct  devitalizing  action  of 
the  toxins  produced  by  bacteria. 

The  distinction  here  indicated  is  a  very  important  one,  both 
from  the  pathological  and  from  the  clinical  standpoint,  inasmuch  as 
the  part  that  bacteria  play  has  a  very  definite  bearing  on  the 
symptoms  and  treatment.  In  that  form  of  gangrene  brought  about 
by  acute  inflammation,  the  immediate  constitutional  symptoms  are 
not  always  severe,  and  the  process  may  often  be  limited  by  a  timely 
incision  which  has  for  its  object  the  restoration  of  the  circulation  by 
relieving  the  pressure  exerted  by  an  excessive  exudate  ;  but  in  that 
variety  in  whicli  necrosis  is  due  to  the  direct  action  of  bacterial  toxins 
death  of  the  tissues  is  so  rapid  that  an  inflammatory  barrier  has  little 
or  no  time  to  form,  consequently  the  gangrene  spreads  with  alarming 
rapidity,  is  accom^ianied  by  the  gravest  constitutional  symptoms,  and 
nothing  short  of  immediate  and  wide  removal  of  the  affected  part  will 
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suffice  to  save  the  patient's  life.  From  the  foregoing  it  will  be  readily 
understood  that  all  the  forms  of  gangrene  due  to  infective  processes 
are  of  necessity  moist. 

1.  Gangrene  due  to  acute  inflammation. — This  form 
is  particularly  prone  to  follow  acute  inflammation  when  it  occurs  in 
dense  tissues,  and  is  typified  by  boUs,  carbuncles  in  the  skin,  and 
necrosis  of  bone.  Its  mode  of  production  is  similar  in  each  instance. 
Bacterial  action  causes  such  an  intense  inflammation  that  the  circula- 
tion through  the  part  ceases,  either  owing  to  the  occurrence  of  exten- 
sive stasis  or  as  the  result  of  pressure  on  the  vessels  by  excessive 
exudation.  When  bone  is  attacked  necrosis  takes  place  with  great 
rapidity,  for  its  vessels,  being  contained  in  rigid  canals,  are  soon  com- 
pressed by  the  exudate,  and,  if  the  periosteum  is  also  stripped  up  by 
the  formation  of  pus  beneath  it,  the  only  remaining  source  of  blood 
supply  is  cut  off.  Thus  a  large  portion  of  bone  may  become  entirely 
deprived  of  its  circulation  and  die.  Circumscribed  inflammation  in 
the  superficial  layers  of  the  skin  produces  a  similar  result,  manifested 
by  the  small  core  of  a  boil  or  the  large  slougli  of  a  carbuncle.  That 
the  formation  of  the  slough  is  due  solely  to  the  density  of  the  tissues 
in  which  the  inflammation  commences,  and  not  to  the  action  of  bac- 
terial toxins,  is  sufficiently  proved  by  the  occurrence  of  abscesses 
instead  of  boils  in  the  flaccid  skin  of  the  scrotum,  or  in  the  thin  skin 
of  children. 

2.  Emphysematous  gangrene  (acute  spreading  trau- 
matic gangrene,  malignant  oedema). — Emphysematous  gan- 
grene is  characterized  by  an  acute  spreading  infection,  accompanied  by 
rapid  formation  of  gas  in  the  tissues  as  the  result  of  their  inoculation 
with  pathogenetic  micro-organisms.  It  must  be  clearly  differentiated 
from  that  great  class  of  moist  gangrene  in  which  gas-formation  is  due 
to  the  putrefactive  changes  that  take  place  in  tissues  already  dead  or 
dying  from  some  other  cause  ;  for  in  emphysematous  gangrene  bacterial 
infection  leads  to  gas-formation  and  primary  gangrene,  often  with- 
out preceding  inflammation,  while  in  tlie  other  form  bacterial  infec- 
tion is  a  secondary  process.  Many  different  organisms  have  been 
credited  with  the  power  of  causmg  emphysematous  gangrene  in  man, 
but,  according  to  Sargent  and  Dudgeon,  only  four  can  be  considered 
as  specific  at  the  present  time.  They  are  :  (1)  B.  aerocjenes  capsulatus 
of  Welch  and  Nuttall,  (2)  B.  pseudo-cedematis  maligni,  also  known  as 
tlie  aerobic  form  of  Welch's  bacillus,  (3)  B.  coli,  (4)  B.  cedematis 
maligni. 

In  75  per  cent,  of  cases  of  this  class  of  gangrene  collected  by 
Corner  and  Singer  the  infection  proved  to  be  a  mixed  one  ;  but  in  all 
probability  the  presence  of  other  organisms,  generally  pyogenetic  cocci, 
is  due  to  the  accidental  contamination  (with  road  dust)  of  lacerated 
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wounds,  which  so  frequently  form  the  portal  of  entry  for  the  specific 
organism. 

Though  all  the  varieties  mentioned  flourish  in  soil  and  the  dirt 
of  roads,  the  B.  cedematis  maligni  may  also  occur  in  solutions  of  musk. 
Once  having  gained  an  entrance,  these  organisms  (of  which  Nos.  1  and 
4  are  anaerobes)  multiply  with  great  rapidity,  and  lead  to  a  very 
rapid  development  of  gas  in  the  tissues,  accompanied  by  spreading 
oedema  and  necrosis.    Disintegration  very  soon  takes  place.  The 
blood  and  cellular  tissues  are  first  affected,  next  the  muscle-fibres  lose 
their  striation,  and  the  sarcolemma  becomes  fatty  and  granular ; 
then  the  dense  connective  tissues  break  up  into  their  primitive 
fibrillse  ;  and  lastly,  when  the  fibrous  sheaths  of  the  nerves  are  de-;- 
troyed,  the  myelin  sheaths  of  the  axis  cylinders  undergo  the  changes 
which  characterize  degeneration.   While  these  changes  are  taking  place, 
the  chemical  products  of  decomposition,  especially  the  gaseous  ones, 
are  formed  in  great  profusion  ;  liquefaction  proceeds  so  rapidly  that 
dressings  becomes  saturated  with  fluid,  bubbles  of  foul-smelling  gas 
quickly  spread  along  the  planes  of  loose  connective  tissue,  and  the 
part  becomes  converted  into  a  slimy,  crepitating  mass  with  a  pene- 
trating, fetid  odour. 

Symptoms. — In  the  cases  due  to  the  B.  aerogenes  capsulatus 
recorded  both  by  Fedde  Fedden  and  by  Sargent  and  Dudgeon,  the 
incubation  period,  that  is  the  time  Avhich  elapsed  between  the  acci- 
dent and  the  detection  of  gas  in  the  tissues,  varied  from  thirty  to 
forty  hours.  Of  three  other  cases  recorded  by  the  latter  observers, 
in  one  due  to  the  B.  coli  the  incubation  period  was  four  days  ;  in 
another,  where  the  Staphylococcus  -pyogenes  aureus  alone  was  isolated, 
it  was  twelve  days  ;  and  in  the  third,  from  which  cultures  of  the 
Bacillus  pyocyaneus  were  obtained,  it  was  three  days.  When  infec- 
tion occurs  through  a  wound,  the  earliest  sign  of  gangrene  is 
generally  a  red  blush.  Very  soon  the  part  above  the  wound  swells, 
becomes  tensely  cedematous,  crepitant,  and  pale,  while  quantities 
of  yellow  fluid  with  a  peculiarly  disgusting  odour  pour  from  the 
wound.  The  pallid  area  quickly  becomes  red  or  mottled,  vesicles  and 
bullfe  form,  the  surface  becomes  boggy,  and  emphysematous  crack- 
ling is  readil}^  detected — in  fact  it  may  be  so  marked  that  percussion 
elicits  a  tympanitic  note.  Below  the  seat  of  gangrene  the  limb  is 
pale  and  pulseless  ;  above,  crepitant  oedema  and  discoloration  spread 
so  rapidly  that  the  trunk  may  be  invaded  in  a  few  hours,  while  the 
part  first  attacked  is  converted  into  a  green  or  black  pultaceous  mass. 
While  these  changes  are  taking  place  in  the  tissues,  constitutional 
depression  is  extreme.  The  patient  looks  very  ill,  with  a  dry  brown 
tongue,  great  thirst,  pale  sunken  face,  and  anxious  expression.  The 
pulse  and  respirations  are  rapid  and  feeble,  and  the  temperature. 
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often  103°  F.  or  higher  at  the  commencement,  soon  becomes  sub- 
normal. The  mental  condition  varies  from  apathetic  consciousness 
to  active  delirium,  which  merges  into  somnolence  as  the  gangrene 
spreads.  In  severe  cases  death  takes  place  within  thirty  hours  from 
the  commencement. 

Treatment. — Prophylactic  treatment  consists  in  rendering  a 
wound  that  is  contaminated  with  earth,  dung,  or  bits  of  clothing  as 
nearly  aseptic  as  circumstances  will  permit,  by  syringing  it  out  with 
normal  saline  or  peroxide  of  hydrogen,  by  shaving  and  thoroughly 
washing  the  surrounding  skin,  and  by  excising  its  edges  and  portions 
of  the  damaged  tissue.  A  dressing  of  sterilized  gauze,  frequently 
moistened  with  hydrogen  peroxide,  is  then  applied  and  the  part  care- 
fully watched.  At  the  first  sign  of  gas-crepitation,  the  only  chance 
of  saving  the  patient's  life  is  by  immediate  amputation  far  above  the 
gangrenous  part.  In  both  the  operative  and  the  after-treatment,  special 
attention  should  be  paid  to  the  following  details  advocated  by  Sargent : 
(1)  Hsemorrhage  should  be  controlled  by  digital  compression  in  order 
to  avoid  damage  to  healthy  tissues  by  the  tourniquet,  a  damage 
which  must  lower  their  resistance  to  possible  infection.  (2)  The 
flaps  should  be  left  unsutured  and  turned  back  with  their  raw  surface 
outwards,  thus  avoiding  the  possibility  of  shutting  up  organisms  in 
the  tissues,  in  circumstances  in  which,  as  a  matter  of  clinical  experi- 
ence, they  are  able  to  work  at  a  greater  advantage.  (3)  The  stump 
should  be  dressed  with  gauze  kept  constantly  wet  for  twelve  hours  or 
more  with  a  10-volume  solution  of  peroxide  of  hydrogen,  for  the 
solution,  by  liberating  oxygen,  creates  an  atmosphere  that  is  most 
inimical  to  the  growth  of  anaerobic  bacilli.  (4)  After  three  or  four 
days,  when  healing  commences,  the  flaps  may  be  turned  down,  loosely 
sutured,  and  dressed  with  dry  cyanide  gauze. 

3.  Cancrum  oris  and  noma  vulvae  are  tlie  names  given 
to  a  destructive,  and  often  fatal,  form  of  gangrene  which  attacks 
the  mouth,  cheek,  lips,  or  the  vulva  of  debilitated  and  ill-nourished 
children  between  the  ages  of  2  and  6  years,  either  at  the  close  of  some 
exhausting  illness  or  during  convalescence  from  one  of  the  specific 
fevers,  especially  measles,  scarlet,  and  typhoid  (Fig.  10).  Owing  to 
improvement  in  hygiene,  and  the  care  which  is  now  generally  given  to 
children's  teeth,  the  disease  is  gradually  but  surely  becoming  a  rare 
one.  Its  pathology  has  not  been  accurately  determined,  inasmuch  as 
no  specific  micro-organism  has  been  isolated,  but,  though  the  presence 
of  myriads  of  bacteria  within  the  oral  cavity  renders  the  problem 
somewhat  difficult,  pathologists  are  now  inclined  to  regard  the  Strepto- 
coccus pyogenes  as  the  causative  agent.  In  all  probability  the  organism, 
whatever  its  nature  may  be,  does  not  become  pathogenetic  until  a 
certain  degree  of  tissue  necrosis  has  been  reached,  for  though  numbers 
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of  children  suffer  from  ulcerative  stomatitis,  only  a  very  few  develop 
cancrum  oris.  There  can  be  no  doubt  that  the  gangrene  is  due  to  the 
action  of  bacterial  toxins,  for  it  spreads  with  such  rapidity  that  a 
limiting  inflammatory  zone  has  hardly  any  time  to  develop. 

Symptoms. — The  onset  of  the  disease  is  insidious,  and  at  the 
commencement  is  unassociated  with  severe  local  or  constitutional 
symptoms.    The  child  eats  well,  has  little  pain,  and  only  slight  pyrexia. 
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Fig.  10. — Case  of  cancrum  oris.  Photograph  taken  after  the 
removal  of  the  sloughs,  etc.,  but  before  healing  had 
commenced.    The  patient  recovered. 

As  the  disease  progresses,  pain  increases,  the  appetite  is  lost,  the  breath 
becomes  intensely  fetid,  purulent  saliva  pours  from  the  mouth,  the 
temperature  rises,  the  pulse  becomes  very  rapid,  coma  sets  in,  and 
death  takes  place  in  a  few  days  from  septic  intoxication  or  broncho- 
pneumonia. The  condition  generally  commences  as  a  greyish  patch 
on  the  inner  side  of  the  cheek,  the  ftoor  of  the  mouth,  or  the  gums. 
An  ulcer  covered  with  stinlcing  sloughs,  and  surrounded  by  a  brawny 
zone,  soon  develops,  the  cheelc  becomes  swollen  and  shiny,  and  a 
small  white  patch  appears  on  the  skin.  This  patch  soon  becomes  black, 
perforation  takes  place,  and  the  gangrenous  process  quickly  spreads. 
In  this  way  the  greater  part  of  the  cheek  may  be  destroyed,  and  large 
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portions  of  tlie  mandible  and  maxilla  may  die.  Noma  vulvae  extends) 
in  a  like  manner,  and  may  cause  a  deep  ulcer,  which  spreads  towards 
the  rectum,  the  bladder,  or  the  pubes.  Occasionally  a  similar  form 
of  gangrene  attacks  the  scrotum  of  little  boys  and  the  umbilicus  of 
infants. 

Treatment. — This  must  be  both  prompt  and  heroic.  The  whole 
of  the  gangrenous  area,  including  soft  parts  and  bone,  must  be  clipped 
away  with  scissors  and  forceps  until  a  surface  which  bleeds  at  every 
part  is  exposed.  The  walls  of  the  cavity  left  by  removing  the  slough 
are  then  thoroughly  seared  with  the  actual  cautery,  or  freely  swabbed 
with  pure  phenol  or  fuming  nitric  acid.  If  the  latter  is  used,  means 
must  be  taken  to  prevent  inhalation  of  the  fumes  by  temporarily 
plugging  the  faucial  aperture  with  a  sponge  ;  after  three  or  four  minutes 
the  action  of  the  acid  must  be  arrested  by  the  application  of  carbonate 
of  soda.  When  the  child  is  comatose  an  anaesthetic  is  unnecessary, 
otherwise  a  little  chloroform  may  be  administered.  The  mouth 
should  be  well  opened  with  a  gag  and  the  head  kept  low,  to  prevent  the 
inhalation  of  blood  and  sloughs.  A  copious  dressing  of  cyanide  gauze 
is  applied,  and  frequent  irrigation  with  a  4  per  cent,  solution  of  per- 
manganate of  potash  carried  out  until  healing  is  well  advanced.  Later 
the  stoma  must  be  closed  by  some  form  of  plastic  operation,  a  pro- 
cedure which  may  tax  the  ingenuity  of  the  surgeon  to  the  utmost. 

4.  Phagedaena. — This  is  a  form  of  gangrene  which  ravaged 
camps,  prisons,  and  hospitals  in  pre-antiseptic  times.  It  is  a  con- 
tagious disease,  probably  caused  by  an  anaerobic  bacillus  or  a  strepto- 
coccus, which  gains  entrance  through  a  wound  or  an  abrasion.  It 
spreads  with  great  rapidity,  and  invariably  causes  death  either  by 
septic  intoxication  or  by  hfemorrhage  from  ulceration  into  a  large 
vessel.  After  an  incubation  period  varying  from  eight  hours  to  three 
days,  the  disease  develops  in  either  an  ulcerative  or  a  gangrenous 
form.  The  first  is  characterized  by  the  presence  of  a  pulpy,  greyish, 
fetid  membrane,  beneath  which  a  superficial  ulceration  spreads  with 
great  rapidity.  The  second  form  progresses  even  more  rapidly,  and 
may  cause  death  in  less  than  forty-eight  hours.  The  edges  of  the 
wound  are  everted,  glazed,  and  dusky  red,  while  the  surface  is 
covered  with  a  thick,  dark,  putrid  mass  of  sloughs  and  blood-clot. 
The  intense  inflammatory  reaction  radiates  along  the  connective-tissue- 
planes  and  leads  to  extensive  sloughing  of  skin,  muscles,  and  not  un- 
commonly of  vessels.  CWstitutional  symptoms  are  very  severe,  fever,, 
diarrho-a,  and  delirium  preceding  coma  and  death. 

Treatment. — The  contagious  nature  of  the  disease  necessitates 
isolation  of  the  patient  amidst  hygienic  surroundings  at  the  first 
sign  of  its  appearance.  Dressings  must  be  burned  as  soon  as  they 
are  removed,  and  every  possible  precaution  taken  to  prevent  spread 
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of  infection  by  instruments  or  attendants.  Nourisliiug  food  and 
stimulants  should  be  freely  administered.  Local  treatment  consists 
in  removing  the  sloughs  and  either  searing  the  affected  area  with 
a  cautery,  or  destroying  it  with  an  escharotic.  In  former  days 
Ricord's  paste,  a  mixture  of  sulphuric  acid  and  charcoal,  was  a 
favourite  application.  In  the  event  of  an  extremity  being  attacked, 
whenever  feasible  early  amputation  well  above  the  disease  is 
urgently  called  for. 

VI.  C4ANGRENE  DUE  TO  DIABETES 

Diabetic  gangrene  is  in  reality  a  form  of  senile  gangrene  exhibit- 
ing certain  differences  that  depend  on  the  presence  of  glucose  in  the 
blood.  Thus,  it  spreads  with  greater  rapidity,  is  associated  with 
more  surrounding  inflammation,  has  less  tendency  to  self-limitation, 
and,  though  often  dry  to  commence  with,  generally  becomes  moist 
in  consequence  of  the  inflammatory  changes.  Like  its  j^rototyi^e,  it 
frequently  occirrs  in  old  people,  commences  in  the  toes,  remains  limited 
to  the  foot  or  spreads  up  the  leg,  and  is  often  started  by  a  slight  injury. 
The  most  important  factor  in  its  production  is  the  narrowing  of  the 
vessels  from  degenerative  and  proliferative  processes,  occurring  either 
as  a  purely  senile  change  coincident  with  diabetes,  or  as  a  result  of  the 
circulation  of  sugar.  Convincing  proof  of  the  etiological  imjjortance 
of  arterial  changes  is  afforded  by  the  freedom  from  gangrene  experi- 
enced by  young  diabetics,  and  also  by  the  fact  that,  in  an  analysis  of 
twenty-six  cases  of  diabetic  gangrene  admitted  to  St.  Thomas's 
Hospital,  Cuthbert  Wallace  noted  that  twenty-four  had  arterio- 
sclerosis, twenty-two  were  males,  and  the  average  age  was  60. 
Predisposing  causes  may  be  the  lowered  vitality  of  the  tissues 
in  diabetics  (thereby  rendering  them  less  able  to  resist  injiiry),  the 
favourable  medium  that  such  tissues  furnish  for  the  development 
of  pyogenetic  organisms,  and  the  occasional  defective  innervation  of 
the  part. 

Symptoms. — Diabetic  gangrene  may  be  divided  into  aseptic  and 
septic  varieties.  The  former  is  dry,  non-inflammatory,  of  rare  occur- 
rence, and  apart  from  the  co-existing  symptoms  of  diabetes,  does  not 
differ  from  senile  gangrene.  The  latter  and  usual  t}^e  is  inflammatory, 
moist,  and  septic  ;  it  is  characterized  by  its  rapid  spread,  by  the 
excessive  inflammation  associated  with  it,  and  often  by  extensive 
sloughing  of  the  skin.  Frequently  following  an  attack  of  acute  pain, 
the  toes  or  foot  become  swollen  and  cedematous,  and  dusky  red  from 
passive  hypera?mia.  After  remaining  in  this  condition  for  a  couple  of 
days  the  swelling  subsides,  the  tissues  begin  to  shrivel,  and  a  black 
gangrenous  patch  appears  on  the  toe  or  foot.  This  may  remain  localized, 
in  which  case  a  zone  of  active  hypera^mia  develops  in  the  living  part 
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and  a  line  of  separation  associated  with  a  considerable  degree  of 
inflammation  gradually  forms.  Such  a  termination  is  uncommon. 
More  often  the  initial  swelling  and  oedema  persist,  the  surface  becomes 
mottled,  bullae  form,  and  septic  moist  gangrene  develops.  This 
quickly  spreads  up  the  leg,  and  is  accompanied  by  a  severe  degree 
of  inflammation  in  the  adjacent  living  tissues.  While  this  is  taking 
place  the  constitutional  symptoms  of  septic  intoxication  are  marked, 
and  frequently  accentuated  by  the  glycsemia.  If  radical  measures 
are  delayed,  death  takes  place  from  septic  complications,  diabetic 
coma,  or  exhaustion. 

Treatment.- — Prophylactic  treatment  must  be  directed  towards 
the  suppression  or  reduction  of  the  sugar  excreted.  This  can  only  be 
successfully  accomplished  by  a  proper  diet  from  which  all  starchy  foods, 
sugar-producing  substances,  and  sugar  itself  are  excluded,  and  by 
the  administration  of  codeine  in  gradually  increasing  doses.  From  the 
surgical  point  of  view  the  feet  and  legs  must  be  kept  warm,  and  tlie 
patient  should  be  specially  cautioned  against  the  danger  of  local  injuries 
as'an  exciting  cause  of  gangrene.  Should  he  sustain  a  cut  or  an 
abrasion,  every  possible  precaution  should  be  taken  to  secure  primary 
union  by  rest  of  the  part  and  by  tlie  employment  of  dry  sterilized 
dressings. 

Local  treatment. — As  soon  as  the  gangrenous  process  has  com- 
menced the  surgeon  sliould  endeavour  to  maintain,  or  convert  it  into, 
the  dry  variety  by  promoting  asepsis,  and  should  encourage  self- 
limitation  by  assisting  the  circulation  in  the  adjacent  living  tissues. 
To  this  end  the  devitalized  area  should  be  swathed  in  dry  sterilized 
dressings,  the  limb  elevated,  and  gentle  friction  applied  to  the  healthy 
skin.  In  every  case  an  endeavour  should  be  made  to  convert  a  septic 
process  as  far  as  possible  into  an  aseptic  one,  in  order  to  aid  the  forma- 
tion of  a  line  of  demarcation.  The  amount  of  urine  passed  in  the 
twenty-four  hours  must  be  measured,  and  the  quantity  of  sugar 
estimated.  If  no  line  of  demarcation  forms,  and  if  the  quantity  of 
sugar  does  not  diminish  in  spite  of  a  rigid  diet  and  absolute  rest,  ampu- 
tation is  the  proper  course  to  adopt.  In  cases  of  non-inflammatory 
gangrene  it  is  permissible  to  await  a  line  of  demarcation  before  decid- 
ing on  amputation,  for  by  so  doing  the  limb  may  be  safely  removed  at 
a  lower  level ;  but  if  the  patient's  constitutional  condition  is  feeble, 
or  if  the  percentage  of  sugar  remains  high,  early  amputation  should 
be  performed,  even  though  a  line  of  separation  is  apparently  about  to 
develop.  In  the  case  of  the  inflammatory  form  of  diabetic  gangrene 
expectant  treatment  is  dangerous,  and  therefore  not  permissible. 
Whenever  possible  the  operation  should  be  performed  under  local 
anaesthesia  by  the  method  of  venous  infiltration  (p.  684),  or  by 
spinal  analgesia  (p.  688).    The  tissues  should  be  handled  as  little  as 
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possible,  particular  care  being  taken  not  to  damage  the  flaps  with  the 
saw.  The  technique  should  be  aseptic  rather  than  antiseptic,  for 
chemical  substances  that  are  strong  enough  to  be  germicidal  are  also 
strong  enougli  to  kill  the  tissues.  Ha?morrhage  is  best  controlled  by 
digital  conipression  of  the  main  artery  in  order  to  avoid  damage  to  the 
tissues  by  the  tourniquet.  If  during  section  of  the  limb  the  small 
vessels  do  not  bleed  freely,  the  amputation  should  be  performed  imme- 
diately at  a  higher  level.  With  regard  to  the  site  of  amputation,  most 
surgeons  are  now  agreed  that  it  is  better  to  amputate  above  the  knee 
and  thereby  secure  primary  union,  than  by  section  below  tlie  knee  to 
obtain  a  longer  stumi")  in  which  suppuration  or  gangrene  of  the  flaps 
is  liable  to  occur. 
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By  C.  C.  CHOYCE,  M.D.,  B.Sc,  F.R.C.S. 

AND 

GWYNNE  WILLIAMS,  M.D.,  M.S.,  F.R.C.S. 

The  term  "  wound  "  may  be  defined  as  a  solution  of  continuity  of 
the  tissues,  and  would,  therefore,  include  all  subcutaneous  injuries, 
sucli  as  bruises,  fractures,  etc.,  as  well  as  the  lesions  accompanied 
by  rupture  of  the  surface.  It  must  be  remembered,  however,  that 
many  injuries  present  mixed  features  ;  thus,  an  open  incision  may 
be  surrounded  by  considerable  subcutaneous  bruising,  a  perforation 
is  frequently  also  lacerated,  and  so  on.  It  is  convenient,  however, 
to  describe  wounds  imder  the  following  headings  : — 

I.  Subcutaneous — ^not  accompanied  by  obvious  or  immediately 
adjacent  breach  of  surface  : 

1.  Bruises  and  hsematomas. 

2.  Sprains  {see  article  on  Joints,  Vol.  iii.). 

3.  Fractures  (see  article  on  Bones,  Vol.  iii.). 

4.  Ruptures  of  muscles,  nerves,  vessels  and  solid  viscera 

(see  under  the  affected  organ). 

5.  Ruptures  of  hollow  viscera  into  body  cavities  {see 

under  the  affected  organ). 

II.  Open  wounds — communicating  with  the  surface  : 

1.  Incised. 

2.  Punctured,  gunshot,  perforating. 

3.  Fissures. 

4.  Abrasions. 

5.  Lacerated  wounds. 

6.  Contused  wounds. 

7.  Friction  wounds. 

8.  Burns  {see  p.  291). 

9.  Bursting  wounds  ;   for  example,  by  the  pointing  of 

abscesses,  bursting  of  gummas,  etc. 

I.  SUBCUTANEOUS  WOUNDS 

1.  Bruises  and  hsematomas. — A  bruise  implies  injury  to 
the  subcutaneous  tissues,  or  to  the  subjacent  organs,  due  to  impact 
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against  any  blunt  object,  and  constantly  involves  multiple  lesions  of 
the  blood-vessels  ;  nerve  and  other  tissue  elements  are  torn  and 
damaged  to  a  greater  or  less  extent,  but  the  chief  injuries  are  to  lie 
seen  in  tlie  smaller  blood-vessels,  which  are  ruptured  and  permit  the 
extravasation  of  blood  and  serum  into  the  tissues  immediately  sur- 
rounding them. 

The  part  becomes  swollen,  tender,  sometimes  painful,  especially 
on  movement,  and  in  process  of  time  shows  a  play  of  colours  due  to 
staining  with  blood-pigments  and  their  subsequent  oxidation.  Thus 
within  a  few  hours  the  colour  becomes  dusky  red,  and  passes  thence 
through  the  stages  of  purple,  bluish-black,  brown,  green,  and  yellow. 

The  time  required  for  return  to  normal  colour,  in  a  case  that 
remains  aseptic,  varies  with  the  size  of  the  bruise,  the  degree  of 
violence  that  caused  it,  the  reactive  powers  of  the  tissues,  and  tlie 
treatment  adopted.  It  is,  therefore,  impossible  to  make  dogmatic 
statements  as  to  the  age  of  a  bruise  from  its  appearance. 

In  severe  cases,  blebs  may  be  formed  on  the  surface,  which  may 
contain  clear  serum  or  blood-stained  fluid,  or  extensive  necrosis 
may  result,  with  the  separation  of  sloughs. 

The  degree  of  bruising  from  an  injury  of  given  violence  varies 
both  with  the  part  and  with  the  individual  affected.  Thus,  while 
in  a  part  in  which  the  vessels  are  badly  supported  in  a  loose  con- 
nective-tissue stroma,  as  in  the  eyelid,  a  slight  blow  may  cause 
considerable  extravasation,  in  another  with  a  dense  structure,  such 
as  the  scalp,  very  severe  trauma  may  show  but  little  sign.  Also, 
individuals  of  flabby,  atonic  habit  and  fair  complexion  will  bruise  on 
the  slightest  provocation.  An  important  fact  is  that  the  skin  dis- 
coloration may  be  guided  to  a  distance  from  the  site  of  injury,  partly 
by  the  arrangement  of  the  fascial  planes  and  partly  by  gravity. 
Thus,  in  injury  of  tlie  scalp  the  bruising  may  appear  in  the  eyelids, 
although  these  have  not  themselves  been  subjected  to  direct  violence  ; 
or  extravasation  due  to  trauma  in  the  u^iper  part  of  the  leg  may  show 
itself  as  a  discoloration  round  the  ankle.  In  a  healthy  patient  the 
part  usually  soon  returns  to  the  normal,  l>ut  in  the  unhealthy  sup- 
puration may  ensue. 

Bruises  of  internal  organs  will  be  dealt  with  in  the  articles  on  the 
organs  affected. 

When  the  trauma  causes  the  rupture  of  larger  vessels,  especially 
veins,  or  in  cases  in  which  the  leakage  is  prolonged  for  any  reason, 
instead  of  the  dift'used  luemorrhagic  infiltration  seen  in  an  ordinary 
bruise,  there  may  result  a  definite  tumour,  separating  the  tissues  and 
consisting  of  a  circumscribed  collection  of  blood,  which  later  may 
coagulate  partially  or  completely.  Such  a  blood  tumour  is  known 
as  a  haematoma.    In  those  cases  in  which  partial  clotting  occurs  the 
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coagulum  is  especially  deposited  in  the  peripheral  parts  of  the  cyst, 
the  central  parts  being  occupied  by  a  more  or  less  fluid  content. 
This  condition  is  of  special  interest  in  the  skull,  owing  to  its  simulation 
of  a  depressed  fracture. 

A  hsematoma  may  terminate  in  one  of  four  ways  :  (1)  It  may 
become  gradually  and  entirely  absorbed  ;  (2)  it  may  suppurate,  if 
infected  by  organisms  which  gain  entrance  either  through  the  abraded 
surface  or  by  the  lymph-  or  blood-stream  ;  (3)  by  disappearance  of 
its  fluid  centre  it  may  leave  a  firm  and  persistent  mass  ;  or  (4)  it 
may  lead  to  the  production  of  a  permanent  cyst  with  hsematoidin- 
pigmented  walls  and  a  clear  fluid  content. 

TREATMENT  OF  SUBCUTANEOUS  WOUNDS 

Bruises. — Treatment  should  be  directed  to  stopping  the  sub- 
cutaneous vascular  leakage,  to  relief  of  pain,  and  to  acceleration  of 
the  absorption  of  the  extravasated  and  damaged  material.  Rest 
is  important  both  for  the  relief  of  pain  and  for  the  prevention  of 
swelling.  Elastic  pressure  is  of  great  value  during  the  very  early 
stages  for  the  inhibition  of  excessive  extravasation,  but  should  be 
used  with  caution  M^hen  definite  swelling  has  been  established.  Cold 
applications,  in  the  form  of  douches,  ice,  or  evaporating  lotions  ;  heat, 
and  the  use  of  local  anodynes  such  as  lead  lotion,  belladonna,  or 
glycerine  and  atropine,  serve  to  allay  pain.  Although  lead  salts 
are  powerfully  astringent  and  to  a  certain  extent  anodyne,  probably 
the  chief  value  of  lead  lotion  when  applied  to  unbroken  skin  is  attri- 
butable to  the  cold  induced  by  its  evaporation.  Heat  should  only  be 
applied  when  all  danger  of  increasing  the  extravasation  has  passed. 
In  the  later  stages  massage  is  of  great  value  for  the  promotion  of 
absorption,  and  even  from  the  first  a  gentle  form  of  effleurage 
(stroking)  and  petrissage  (kneading)  is  very  comforting  to  the  patient. 

Haematomas  must  be  treated  on  the  lines  indicated  above, 
which  will  usually  lead  to  entire  absorption.  Occasionally  the 
removal  of  an  unduly  large  hsematoma  may  be  facilitated  by  incision 
and  evacuation,  under  rigidly  aseptic  precautions.  Old  cysts  or  fibrous 
tumours  resulting  from  hsematomas  will  require  excision,  whilst 
suppurating  blood-tumours  must  be  treated  as  abscesses,  incised, 
emptied  and  drained. 

II.  OPEN  WOUNDS 

1.  An  incised  wound  is  a  clean-cut  linear  wound,  usually  not 
associated  with  much  bruising  of  the  edges.  It  bleeds  freely  owing 
to  the  fact  that  the  coats  of  the  vessels  do  not  retract  so  much  as  when 
torn  or  crushed.    It  is  caused  by  any  sharp  instrument.  Sometimes, 


PUNCTURES,  LACERATIONS,  CONTUSIONS  241 

as  in  the  case  of  truiiclieou  wounds,  it  may  be  the  result  of  splitting 
of  the  soft  tissues  between  a  blunt  instrument  and  a  flat,  bony  surface 
such  as  the  skull,  the  jjatella,  or  the  shin. 

Incised  wounds  may  be  divided  into  those  in  which  j^athogenetic 
organisms  may  be  expected  to  be  present,  and  those  in  which  there  is 
a  fair  presumption  of  tbeii-  al)sence. 

2.  Punctured  wounds  are  caused  by  bodies  penetrating 
either  from  without  or,  as  in  some  compound  fractures,  from  within. 
Their  chisf  characteristic  is  their  dejDth  as  compared  with  their  suj^er- 
ficial  extent,  so  that  a  quite  small  external  wound  may  lead  to  an 
extensive  internal  injury.  Owing  to  the  length  of  the  track  and  the 
tendency  for  the  superficial  parts  to  close  more  quickly  than  the 
deeper,  these  wounds  are  especially  liable  to  tension  and  suppuration. 
Moreover,  sometimes  either  the  whole  or  a  part  of  the  penetrating 
instrument  remains  embedded,  e.g.  needles,  pieces  of  cloth,  etc. 

Gunshot  wounds  are  punctured  wounds  of  a  special  character, 
which  will  be  treated  in  the  next  article  (p.  274). 

Perforating  wounds  are  sometimes  considered  as  a  subdivision 
of  punctured  wounds,  and  taken  to  mean  those  in  which  the  lesion 
extends  to  one  of  the  body  cavities. 

3.  A  fissure  is  a  splitting  wound  often  due  to  over-extension, 
or  over-distension. 

4.  An  abrasion  is  a  very  superficial  laceration  only  afl'ecting 
the  sk'in  or  mucous  mcml)rane,  cornea,  or  conjunctiva. 

5.  Lacerated  wounds  are  caused  by  dragging  or  tearing, 
e.g.  by  machinery  or  by  blows  against  rough  surfaces.  They  are 
frequently  associated  with  contusion.  The  wound  has  irregular  and 
ragged  edges,  and  is  always  deeply  soiled  with  ground-in  foreign 
particles.  Unlike  punctured  wounds,  the  superficial  area,  except  in 
cases  of  complete  avulsion  of  a  limb,  is  large  in  proportion  to  the 
depth.  The  wound  has  many  shreds  which,  being  deprived  of  their 
blood  sujjply,  tend  to  necrose  in  a  greater  or  less  degree. 

Ha'morrhage  is  comparatively  slight,  owing  to  speedy  retraction 
of  the  roughly  torn  vessels.  The  prevention  of  suppuration  is  diflicult, 
on  account  of  the  damaged  and  dirt-engrained  condition  of  the  tissues. 
Owing  to  the  necessity  for  the  removal  of  the  injured  tissues,  healing 
by  granulation  is  the  rule. 

6.  A  contused  wound  is  brought  about  by  injury  with  a 
blunt  instrument,  and  only  diifers  from  a  laceration  in  that  the 
bruising  element  predominates  over  the  tearing. 

7.  Friction  wounds  combine  the  characteristics  of  laceration 
and  burning  ;  the  wound  caused  by  a  rope  rushing  through  the  hands 
may  be  taken  as  an  example.  They  are  usually  painful,  and  slow 
to  heal. 

g 
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TREATMENT  OF  OPEN  WOUNDS 

The  wounds  inflicted  by  the  surgeon  will  be  discussed  under  the 
heading  of  Surgical  Technique  (p.  247). 

Treatment  of  accidental  wounds  necessitates  attention  to  the 
following  points  :— 

i.  Stoppage  of  haemorrhage. 

ii.  Cleansing. 

iii.  Investigation. 

iv.  Coaptation,  if  possible. 
V.  Drainage,  if  necessary. 

vi.  Rest. 

vii.  Maintenance  of  general  health. 

i.  Stoppage  of  haemorrhage. — It  is  very  important  that 
bleeding  should  be  stojiped,  for,  apart  from  the  possibly  disastrous 
results  of  continued  haemorrhage,  such  unchecked  bleeding  materially 
interferes  with  healing  by  preventing  coaptation  of  the  edges  of  the 
wound,  by  providing  a  nidus  for  the  development  of  micro-organisms, 
and  by  preventing  adequate  examination  of  the  relationships  of  the 
wound,  especially  in  its  depths.  The  drier  the  wound,  the  more 
likely  is  primary  healing  without  infection. 

Temporary  arrest  of  haemorrhage  is  called  for  in  cases  of  urgent 
bleeding,  and  may  be  effected  by  several  methods  : — 

(a)  Pressure  at  the  site  of  ha3morrhage  is  the  first  and  immediate 
course  to  be  adopted.  Even  extremely  alarming  bleeding  may  be 
efficiently  controlled  by  the  prompt  local  application  of  the  thumb, 
a  pad,  or  a  firm  bandage. 

(b)  Pressure  between  the  bleeding-point  and  the  heart.  For 
example,  in  large  arterial  wounds  proximal  pressure  is  brought  to 
bear  by  digital  compression  or  some  form  of  tourniquet,  improvised 
if  necessary.  In  venous  hsemorrhage,  on  the  other  hand,  it  is 
important  that  no  proximal  compression  be  employed,  for  if  only 
sufficient  force  be  used  to  obliterate  the  veins  but  not  the  arteries, 
the  bleeding  will  be  encouraged  rather  than  stopped.  Local  pressure 
is  quite  effectual  in  such  cases,  as  a  temporary  measure. 

(c)  Packing  with  gauze  or  wool  is  often  useful,  especially  when 
the  blood  wells  up  from  a  deep  woimd,  or  from  a  sinus  in  the  skull. 
Its  value  is  largely  dependent  on  tlie  local  pressure  exerted,  but  also, 
to  some  extent,  on  its  action  in  promoting  the  formation  of  the 
external  clot.  Even  apparently  serious  hsemorrhage  can  be  readily 
controlled  temporarily  by  this  means.  It  is  not  advisable,  however, 
to  rely  upon  packing  as  a  means  of  permanent  hsemostasis,  inasmuch 
as  primary  healing  is  prevented  by  the  presence  of  the  gauze  or  wool, 
and  further  hsemorrhage  may  follow  its  removal. 
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(d)  Forceps  should  be  apjjlied  to  the  bleeding-poiuts  only,  but 
sometimes  in  au  emergency,  when  tlie  actual  vascular  opening  is  not 
immediately  obvious,  it  is  justifiable  temporarily  to  include  some 
of  the  surrounding  tissues  in  their  bite.    Many  forceps  have  been 


devised,  but  those  of  Lawson  Tait  or  Sj^encer  Wells  are  the  best 
adapted  to  the  purpose  (Figs.  11  and  12). 


Fig.  12. — Spencer  Wells'  haemostatic  pressure  forceps. 


Permanent  hcemostasis  sometimes  follows  naturally  the  tem- 
porary measure,  but  usually  other  manoeuvres  are  necessary,  such  as — 

(a)  Ligation  of  the  open  vessel,  care  being  taken  to  avoid  inclusion 
of  excess  of  surrounding  tissues. 

(6)  Ligation  of  the  vessel  in  continuity. 

(c)  Suture  of  the  wound  in  such  a  manner  as  to  include  the 
bleeding-point  is  often  of  value,  e.g.  in  bleeding  from  the  fra-nal 
artery  of  the  prepuce,  also  in  association  with  pressure  by  firm 
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dressings,  as  in  bleeding  from  the  scalp,  where  the  vessels  are  difficult 
to  pick  lip. 

{d)  Torsion,  by  lacerating  the  inner  coat  of  the  vessel,  promotes 
hseniostasis,  and  is  of  value  for  comparatively  small  vessels  in  that 
it  does  not  involve  the  presence  of  a  ligature,  i.e.  a  foreign  body,  in 
the  wound. 

(e)  Acupressure. 

(/)  Hfemostatics,  such  as  adrenalin  or  hydrogen  peroxide,  may  be 
employed,  especially  in  cases  of  general  oozing.  They  are,  hoAvever, 
unsatisfactory. 

(g)  Heat  and  cold.  Heat  is  a  more  efficient  haemostatic  than 
cold,  and  may  be  applied  in  the  form  of  hot  water  at  a  temperature 
of  120°  r.,  or  of  the  actual  or  galvano-cautery  at  dull-red  heat.  Hot 
water,  on  the  other  hand,  below  118°  F.  will  encourage  bleeding. 

ii.  Cleansing. — In  the  first  place  the  woimd  itself  should  be 
covered  with  a  clean  dressing,  and  attention  directed  to  the  thorough 
cleansing  of  its  surroundings.  This  is  effected  by  shaving,  by  the 
free  use  of  soap  and  water,  followed  by  grease  solvents  such  as  ether 
or  turpentine,  and  by  antiseptics  such  as  alcohol,  mercurials,  lysol, 
or  carbolic.  The  wound  is  then  uncovered,  washed,  freed  from 
foreign  particles  and  lacerated  shreds,  and  swabbed  out  with  anti- 
septics such  as  hydrogen  peroxide,  carbolic,  mercurials,  lysoform,  etc. 
Or  the  surrounding  skin  may  be  cleansed  with  acetone  and  then  painted 
with  iodine,  witliout  the  preliminary  use  of  water. 

iii.  Investigation  is  necessary  to  ascertain  the  extent  of  the 
wound,  to  facilitate  discovery  and  removal  of  foreign  bodies,  and  to 
ensure  recognition  of  damage  to  important  structures  such  as  nerves, 
vessels,  tendons,  bone,  and  adjacent  joints  and  body  cavities. 
Thorough  examination  of  the  nerves  and  their  areas  of  distribution 
before  the  patient  is  anaesthetized  will  enable  the  surgeon  not  only 
to  give  a  more  accurate  prognosis,  but  also  to  adopt  measures  for 
their  repair  ;  whilst  in  the  skull  special  care  is  necessary  to  ensure 
detection  of  fractures,  if  present.  The  question  of  the  amount 
of  exploration  desirable  in  wounds  over  joints  is  one  of  considerable 
difficulty.  A  definite  rule,  however,  must  be  laid  down  that  in  no 
cases  are  such  woimds,  especially  if  punctured,  to  be  probed,  for  this 
procedure  is  apt  to  ensure  soiling  of  a  joint  which  otherwise  might 
have  escaped  infection.  If  the  wound  has  been  inflicted  with  a  fairly 
clean  instrument,  and  if  joint-involvement  be  either  problematical 
or  of  slight  character,  as  demonstrated  by  the  escape  of  a  drop  or  two 
of  sjTiovial  fluid,  it  is  advisable  to  temporize,  i.e.  to  cleanse  the  more 
superficial  parts  thoroughly,  to  attempt  no  immediate  definite  explora- 
tion, but  to  await  evidence  of  infective  joint-involvement,  such  as 
rise  of  temperature,  local  heat  and  redness,  effusion  into  the  joint, 
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pain  and  limitation  of  naovement,  or  other  indications  for  inter- 
ference. It  must  be  remembered,  liowever,  that  any  trauma  in  the 
region  of  a  joint  may  give  rise  to  a  non-infective  s)Tiovial  effusion 
into  the  subjacent  articular  cavity.  If,  on  the  other  hand,  the 
wound  into  the  joint  be  certain  and  fairly  extensive,  and  the 
instrument  be  undoubtedly  dirty,  immediate  open  exploration  is 
advisable. 

The  same  general  rules  may  be  laid  down  for  the  treatment  of 
wounds  suspected  of  involving  the  peritoneum. 

Careful  examination  is  also  necessary  to  discover  the  presence 
and  position  of  foreign  bodies,  such  as  needles  (p.  24(j),  pieces  of 
broken  tool,  and  glass. 

iv.  Coaptation  of  the  wound  surfaces  and  edges  is  to  be  carried 
out  by  one  of  the  methods  described  hereafter.  Accurate  closure 
must  only  be  adopted  when  cleanliness  and  dryness  have  been  ensured. 
It  is  usual,  therefore,  not  to  stitch  up  punctured  or  extensively 
lacerated  wounds  closely ;  room  must  always  be  left  for  efiicient 
drainage. 

V.  Drainage. — A  drain  should  be  used — 

(a)  When  doubt  exists  as  to  efficient  removal  of  infective 

material  ;   for  example,  in  punctured  wounds. 
(h)  AVhen  effective  hsemostasis  is  not  obtainable. 

(c)  When,  owing  to  severe  laceration  or  contusion,  some 

necrosis  is  expected. 

(d)  When  it  is  impossible  to  avoid  the  existence  of  an  actual 

or  potential  cavity  in  the  deeper  layers  of  the  wound 
in  which  serum  or  blood  may  accumulate. 

We  must  here  draw  attention  to  some  fallacies  in  draining  tliat 
have  in  the  past  defeated  the  very  object  of  the  process.  Too  often, 
especially  in  the  abdomen,  has  the  tube  been  kept  in  lumecessarily 
long,  for  after  a  short  time,  from  twenty-four  to  forty-eight  hours, 
the  general  abdominal  cavity  becomes  entirely  shut  oft'  by  adhesions, 
so  that  after  that  period  the  surgeon  is  not  draining  the  general  cavity 
but  merely  the  track  of  the  drain.  Moreover,  the  tube  prevents  the 
closure  of  the  track,  which,  therefore,  forms  a  ^^ath  for  secondary 
infection  from  the  skin.  Suppuration  from  its  walls  is  induced,  and 
the  simple  drainage  track  is  converted  into  a  sinus  exuding  pus  and 
demanding  treatment  which  protracts  the  convalescence. 

For  a  similar  reason  it  is  advisable  to  avoid  drainage  of  abscess 
cavities  due  to  pure  tubercular  or,  in  many  cases,  pure  pneumococcic 
infection.  Secondary  infection,  usually  by  the  staphylococcus,  enters 
along  the  track  and  may  lead  to  long-continued  suppuration  with  its 
sequehe,  amyloid  degeneration  and  exhaustion. 

Modern  surgery,  therefore,  aims  rather  at  emptying  such  cavities, 


246  WOUNDS  AND  WOUND  TREATMENT 


treating  their  walls  by  gentle  curettage,  by  applications  of  iodine, 
iodoform,  or  other  antiseptic,  and  by  careful  closure  of  the  incision. 

This  process  may  need  to  be  repeated,  but  it  is  greatly  preferable 
to  the  long-continued  drainage  which  was  former^  employed. 

Drainage  may  be  accomplished  by  the  agency  of  strands  of  salmon- 
gut,  horsehair,  or  similar  material  in  the  case  of  small  wounds  in 
which  but  little  effusion  is  expected,  or  in  larger  collections  by  the 
use  of  tubes  of  indiarubber,  glass,  celluloid,  or  metal,  in  which  lateral 
holes  or  splits  have  been  made. 

Gauze  wicks  are  sometimes  employed,  either  alone  or  as  a  central 
strip  down  the  lumen  of  the  drainage-tube,  with  a  view  to  assisting 
the  removal  of  fluid  by  capillary  suction.  Care,  however,  must  be 
taken  to  ensure  by  loose  packing  that  they  act  as  wicks  and  not  as 
plugs.  A  useful  variety  is  the  cigarette  drain,  which  consists  of  alter- 
nating layers  of  gauze  and  dental  rubber  or  protective.  It  is  made 
by  laying  a  square  of  gauze  upon  a  square  of  protective  and  then 
loosely  rolling  them  together  in  the  manner  of  making  a  cigarette. 

vi.  Rest. — Rest,  both  of  the  patient  and  of  the  affected  part, 
by  posture,  splints,  accurate  suturing  and  bandaging,  etc.,  is  obviously 
necessary. 

vii.  Maintenance  of  the  general  health  must  also 
receive  attention. 

Needles,  etc.,  in  the  Tissues 

The  localization  and  removal  of  sharp-pointed  bodies,  such  as 
needles,  from  the  tissues  may  be  a  matter  of  ease.  Frequently, 
however,  even  with  the  aid  of  the  X-rays,  it  involves  tedious  and 
extensive  dissection,  often  amidst  important  structures  ;  for  example, 
in  the  palm  of  the  hand.  Prolonged  attempts,  therefore,  should  not 
be  made  without  careful  radiographic  localization.  In  view  of  the 
fact  that  a  needle  may  travel  through  a  comparatively  great  distance 
in  a  short  time  if  movement  of  the  affected  parts  has  been  permitted, 
the  operation  should  be  performed  as  soon  after  the  radiogram  has 
been  taken  as  possible.  It  must  be  remembered  that  with  a  single 
photograph  it  is  difficult  to  determine  the  exact  plane  and  direction 
in  which  the  needle  lies.  Reliance  upon  this  method,  therefore,  may 
lead  one,  in  the  first  place,  to  cut  down  upon  the  palm  when  really 
the  needle  lies  posteriorly  to  the  metacarpals,  and  in  the  second  place, 
to  form  an  inaccurate  judgment  of  its  size  owing  to  foreshortening 
by  obliquity.  Hence  it  is  desirable  in  all  cases  that  two  views  be 
taken,  either  in  planes  at  right  angles  to  one  another  or  in  stereo- 
scopic register.  Perhaps  the  best  method  is  to  conduct  the  operation 
in  the  X-ray  room  so  that  advantage  may  be  taken  of  the  fluorescent 
screen.    An  accurate  impression  of  the  position  and  size  of  the  foreign 
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body  may  be  obtained  by  studying  the  part  from  all  points  of  view 
with  the  screen,  note  being  taken  of  the  relative  extent  of  movement 
of  the  bones  and  the  needle  on  rotation  of  the  part.  Sometimes 
another  needle  can  be  introduced  and  made  to  touch  the  embedded 
one  ;  if  so,  an  excellent  clue  is  obtained  to  its  whereabouts,  and  the 
operation  is  materially  facilitated. 

Amputations  for  Injuries 

Modern  surgical  methods,  by  eliminating  many  of  the  risks  of 
sepsis  and  by  reducing  shock,  have  greatly  modified  the  certain 
indications  for  amputation  for  injury.  Primary  amputation,  that 
is,  one  performed  immediately  after  an  injury  or  as  soon  as  the  shock 
lias  passed  off,  is  certainly  called  for  in  cases  of  avulsion  of  a  limb, 
of  complete  "  pulping,"  or  of  absolute  destruction  of  both  the  arterial 
and  venous  supply  to  the  part.  Extensive  laceration  of  the  skin, 
or  damage  to  the  main  vessels,  nerves,  and  bones,  is  not  now  to  be 
regarded  as  a  sufficient  reason  for  primary  amputation  in  a  part 
otherwise  healthy,  for  skin-grafting,  vessel-  and  nerve-suture,  bone- 
grafting,  and  other  conservative  measures  will  frequently  permit  the 
retention  of  a  useful  limb. 

The  surgeon  must  therefore  take  into  consideration  the  general 
health,  age,  and  constitution  of  the  patient,  and  the  probable  sub- 
sequent value  of  the  limb.  An  old  or  debilitated  subject  is  more 
likely  to  bear  the  comparatively  short  convalescence  from  an  ampu- 
tation which  heals  by  first  intention,  than  the  protracted  and  weari- 
some recovery  which  follows  the  adoption  of  conservative  methods, 
especially  if  they  require  a  recumbent  position  with  its  attendant 
dangers  of  hypostatic  congestion  of  the  lungs,  pneumonia,  etc.  Again, 
a  patient  in  poor  circumstances  is  frecjuently  better  off  with  a  stump 
capable  of  adjustment  to  an  artificial  limb  than  with  a  longer  and 
more  or  less  mutilated  member  requiring  long-continued  care. 

Every  effort  must  be  made  to  save  parts  of  an  upper  limb, 
especially  the  thumb  and  fingers,  inasmuch  as  no  artificial  substitute 
performs  their  delicate  duties  so  satisfactorily  as  even  a  damaged 
hand  and  arm,  while  the  lower  limb,  which  chiefly  serves  for  support, 
is  readily  rej^laced  by  a  comparatively  simple  apparatus. 

Secondary  amputation  is  required  in  cases  in  which  sepsis  has 
supervened  and  is  progressive,  in  which  gangrene  has  occurred,  or  in 
which  the  limb  resulting  from  conservative  measures  proves  to  be 
useless  or  even  detrimental  to  the  i^atient. 

SURGICAL  TECHNIQUE 

Introductory  and  historical. — It  is  unnecessary  to  com- 
pare modern  surgical  results  with  those  achieved  in  pre-Listerian 


248  WOUNDS  AND  WOUND  TREATMENT 


days.  The  enormous  advances  due  to  the  recognition  and  the  appli- 
cation to  surgery  of  the  work  of  Pasteur  and  other  investigators  of 
the  germ  theory  of  disease,  and  to  the  adoption  of  Lister's  methods, 
are  a  matter  of  common  knowledge.  Lister's  methods  implied  the 
free  use  of  powerful  antiseptics  designed  to  kill  or  inhibit  the  growth 
of  infective  organisms. 

To  a  certain  extent  these  chemicals,  necessarily  irritant,  are  still 
in  everyday  use,  but  experience  has  now  taught  us  (1)  that  some  of 
these  lotions  (e.g.  perchloride  of  mercury)  are  comparatively  inefficient 
in  the  body  owing  to  their  interaction  with  its  proteins,  and  (2)  that 
owing  to  their  irritant  character  they  devitalize  and  lower  the  resist- 
ance of  the  normal  tissues  to  infection. 

There  is  now  a  general  tendency,  therefore,  to  adopt  measures 
to  exclude  micro-organisms  by  the  thorough  thermal  sterilization 
of  all  material  brought  into  contact,  directly  or  indirectly,  with  the 
tissues,  and  to  limit  the  use  of  antiseptics  to  disinfection,  so  far  as 
is  possible,  of  the  skin  of  the  surgeon  and  of  the  patient.  Even  here, 
in  the  practice  of  many  surgeons,  these  chemicals  are  relegated  to 
a  secondary  position  as  compared  with  thorough  cleansing  Avith  soap 
and  water. 

Surgeons  of  the  "  antiseptic "  school  trust  mainly  to  chemical 
methods,  whilst  those  of  the  "  aseptic  "  prefer  to  rely  chiefly  upon 
mechanical  and  thermal  means  of  sterihzation. 

Basis. — The  general  principle  underlying  modern  surgical  technique 
is  that  all  infection  of  wounds  is  derived  from  without,  it  being  imder- 
stood  that  "  without  "  must  be  taken  to  include  almost  all  the  mucous 
cavities  as  well  as  the  external  surface  of  the  body.  Technical  details 
are  planned  on  the  hypothesis  that  normal  unexposed  tissues  are 
sterile,  and  that  therefore  in  practice  auto-infection  occurs  so  rarely 
as  to  be  negligible. 

Among  the  extraneous  potential  sources  of  infection  are  included 
all  materials  that  may  be  brought  into  contact  in  any  way  with  the 
wound  or  its  surroundings. 

Sources  of  infection. — It  is  advisable  at  this  point  to 
consider  briefly  the  common  paths  of  infection  in  a  case  not 
previously  infected. 

L  The  skin  of  the  patient,  and  of  the  surgeon  and  his  assistants, 
is  probably  at  once  the  most  prolific  cause  of  defilement,  and  the  one 
most  difficult  to  deal  with,  owing  to  the  inaccessibility  of  the  numerous 
organisms  that  habitually  infest  the  fissures,  hair-follicles  and  glandular 
openings,  and  the  obvious  impracticability  of  thermal  sterilization.  It 
must  be  confessed  that  ideal  surgical  cleanliness  of  the  skin  has  not 
yet  been  attained. 

2.  The  clothing  of  the  patient,  and  also  that  of  the  surgeon 
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and  his  assistants,  should  be  of  material  tli\t  admits  of  sterilization 
by  heat. 

3.  The  mucous  membranes  of  the  patiuit  are.  as  a  rule,  to  be 
considered  infective,  but  it  must  be  remembered  tliat  in  a  liealthy 
person  the  following  parts  are  sterile  : — 

i.  The  mucous  membrane  of  the  nose  fud  its  accessory  sinuses, 
except  in  the  inferior  meatus. 

ii.  The  middle  ear  and  its  adjacent  cavities. 

iii.  The  stomach  and  duodenum,  which  in  health  cr.ntain  practically 

no  infective  organisms.  Those  ingested  are  rapidly  destroyed 
by  the  fi-ee  HCl. 

iv.  The  urinary  tract  down  to  the  liladdei'.  tnd  in  men  probably 

the  bladder  itself. 
V.  The  l3ody  of  the  uterus  and  the  Fallopian  tuljes.  which  arc 

normally  free  from  organisms,  though  the  cervix  is  not. 
But  since  operations  are,  as  a  rule,  performed  on  all  these  mucous 
membranes  when  in  an  unhealthy  condition,  they  are  for  practical 
purposes  to  be  considered  as  infective. 

4.  Instruments. 

5.  Lotions. 

6.  Dressings,  sutures,  ligatures,  etc. 

7.  The  air.  Although  in  the  early  days  of  the  Listerian  procedure 
this  was  regarded  as  a  frequent  and  dangerous  source  of  infection, 
it  is  now  proved  that  in  the  absence  of  draughts,  dust,  and  particles 
of  moisture,  such  as  droplets  of  saliva  expelled  by  talking,  i-neezing 
or  coughing,  the  atmosphere  of  the  operating  theatre  does  not  convey 
pathogenetic  organisms.  In  a  well-regulated  theatre,  therefore,  so 
few  organisms  gain  entrance  in  this  manner  that  they  are 
negligible. 

METHODS  OF  STERILIZATION 

1.  Mechanical  and  solvent. 

Scrubbing,  combined  with  the  use  of  soaps,  ether,  tur- 
pentine, and  other  grease  solvents. 

2.  Chemical. 

Antiseptic  solutions  and  vapours. 

3.  Thermal. 

i.  Dry  heat  : 

(a)  Actual  cautery. 

(b)  Flames. 

(c)  Hot  air. 
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ii.  Moist  heat  : 

(a)  Boiling. 

{h)  Steam— 

a.  At  rest,  at  100°  C,  not  under  pressure  and 

not  so  saturated  as  /3. 
j8.  In  motion,  at  100°  C,  and  not  under  pressure 

=  ordinary  live  steam, 
ly.  Superheated  steam  (not  so  saturated  as  8). 
8.  Steam  under  high  pressure, 
iii.    Oil  at  160°  C. 

1.  The  mechanical  and  solvent  methods  are  all-important, 
and  practically  must  never  be  omitted  as  a  preliminary  to  any  other 


Fig.  13. — Schimmelbusch's  instrument  and  dressings  sterilizer. 

A,  ]Jressings  box,  with  perforations  in  sides  which  can  be  clobcd  by  a  shding  cover;  b,  con- 
tainer into  which,  in  a  cage,  c,  are  placed  the  boxes,  A,  A.  b  is  closed  with  a  lid,  e,  and 
placed  upon  the  rim,  f,  of  the  boiler,  G  ;  H,  cage  for  instruments.; 

form  of  disinfection.  SteriHzation  of  the  skin  by  the  strong  alcohol 
and  the  iodine  methods  is  the  one  exception  to  this  statement. 

2.  The  chemical  methods  depend  on  the  use  of  the  various 
antiseptic  lotions  and  vapours,  which  will  be  discussed  later. 

3.  Thermal,  i.  Dry  heat  is  considerably  less  germicidal  than 
moist  heat  of  the  same  temperature,  and  therefore  has  been  largely 
superseded.  Occasionally  the  flame  is  used  for  the  rapid  disinfection 
of  small  instruments,  such  as  vaccination  tools,  platinum  loops,  etc., 
or  for  bowls  and  similar  utensils. 

ii.  Moist  heat. — (a)  Boilimj  for  twenty  minutes  in  water  or, 
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better,  in  a  1  per  cent,  solution  of  sodium  bicarbonate  or  sodium 
bi borate,  is  the  method  usually  applied  to  instruments.  Soda  or  borax 
not  only  prevents  the  tarnishing  of  the  steel  caused  by  boiling  in  plain 
water,  but  also  raises  the  boiling-point  of  the  fluid  to  104°  C.  It  is 
essential  that  the  instruments  should  be  completely  covered  with 
the  solution,  and  that  the  lid  be  kept  on  the  pot  or  sterilizer  in 
order  to  prevent  excessive  loss  of  heat  by  evajioration  from  the 
surface. 


Fig.  14. — Low-pressure  steam  sterilizer — live  steam. 


Even  sharp  instruments  may  be  boiled  if  their  edges  be  carefully 
protected  with  lint  or  cotton-wool.  Undoubtedly,  however,  frequent 
boilings  do  impair  their  temper,  and  therefore  many  surgeons  content 
themselves  with  immersion  of  knives  in  spirit  or  pure  carbolic  for 
half  an  hour  or  more. 

(6)  Steam. — (a)  Steam  at  rest  is  less  efficient  than  live  steam, 
and  is  not  now  used. 

(ft)  Live  steam  (steam  in  motion)  af?ords  a  valuable  disinfecting 
agent,   especially  for  gowns,  towels,  dressings,  and  other  fabrics. 
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Various  sterilizers,  sucli  as  Schimmelbuscli's,  Lautenschlager's,  and 
Stack's,  have  been  devised  ;  their  principle  is  sufficiently  illustrated 
in  Figs.  13,  14,  and  15. 

The  kettle  is  packed  with  the  materials  to  be  sterilized,  and  placed, 
with  its  apertures  open,  in  the  sterilizer,  which  is  then  closed.  The 
steam  is  admitted  and  allowed  to  circulate  for  an  hour.  After  the 
contents  have  dried  by  evaporation  the  apertures  are  closed  by  means 
of  the  sliding  plates,  and  the  kettleful  of  dressings  is  ready  for  use. 


Fig.  15. — Stack's  dressings  sterilizer. 

Dressings  are  placed  in  the  receptacle,  b,  which  is  closed  with  the  lid,  D.  Boiling  water  is 
put  into  the  outer  can,  a,  and  the  inner  can  is  screwed  in  position.  The  extra  lid,  H,  is 
laid  on  the  top  of  the  inner  can  and  the  lid  of  the  outer  can  screwed  down.  The  whole 
is  heated  on  any  flame.  The  steam  passes  in  the  directions  indicated  by  the  arrows, 
from  the  funnel,  e,  up  pipe,  c,  down  through  dressings  in  i),  through  holes  in  bottom 
of  i;  and  up  oulside  b  in  outer  can,  a,  finally  escaping  through  pipe  in  knob,  F.  After 
sterilization  the  outer  can  is  opened,  the 'extra  lid  is  lifted  out  by  its  edges  and  placed 
on  the  table,  the  receptacle,  B,  is  unscrewed  from  the  funnel,  and  the  inner  can  is 
lifted  out  and  pressed  at  once  on  to  the  extra  lid. 

(y)  The  use  of  superheated  steam  involves  the  provision  of 
elaborate  machinery,  and  does  not  give  results  so  good  as  those  of 
steam  under  pressure. 

(S)  Steam  under  pressure  affords  the  most  satisfactory  method, 
but  requires  the  use  of  an  autoclave.  It  is  therefore  more  applicable 
in  the  case  of  hospitals  and  similar  institutions  than  in  private  practice. 
The  dressings  are  placed  in  Schimmelbuscli's  kettles,  which  are  sub- 
jected to  steam  at  a  pressure  varjang  from  10  to  20  lb.  for  15  to 
30  minutes.  Steam  under  jjressure  possesses  greater  penetrating  power 
than  ordinary  live  steam  and  secures  more  rapid  disinfection.  A 
favourite  type  of  autoclave  is  that  shown  in  Fig.  16. 
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PREPARATION  OF  THE  SURGEON  AND  HIS  ASSISTANTS 

Clothing. — Tlie  surgeon  and  his  assistants  should  be  enveloped 
in  overalls  of  light  material  suitable  for  repeated  sterilization  by  steam. 
These  should  reach  from  the  chin  to  the  feet,  and  be  provided  with 
long  sleeves  capable  of  being  tucked  into  the  wists  of  rubber  gloves. 


Fig.  16. — High-pressure  steam  sterilizer  (end  and  side  views). 


For  operations  involving  the  spilling  of  nuich  fluid  it  is  advisable 
to  wear  a  light  sterilizable  mackintosh  apron  imder  the  overall.  The 
use  of  linen  caps  prevents  the  possibility  of  infection  by  falling  hairs 
or  epidermic  scales  which  may  be  knocked  off  by  contact  with  the 
assistant.  Although  the  air  expired  by  a  healthy  individual  in  ordi- 
nary respiration  is  not  a  source  of  danger,  it  has  been  proved  that 
coughing,  sneezing,  or  even  talking  expels  particles  of  moisture  laden 
with  bacteria.  Therefore,  unless  the  surgeon  can  guarantee  silence, 
it  is  advisable  that  he  and  his  assistants  should  wear  masks.  This 
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precaution  is  especially  necessary  if  he  sufier  from  any  infection  of 
the  mouth  or  nose.  The  cap  and  mask  may  be  made  in  one  piece, 
but  many  surgeons  prefer  them  separate.  A  simple  and  comfortable 
mask  may  be  made  by  stitching  tapes  at  the  four  corners  of  a  square 
of  fourfold  gauze  ;  the  upper  pair  of  tapes  is  tied  round  the  head  above 
the  ears,  the  lower  round  the  neck. 

Rubber  gloves  are,  in  our  opinion,  desirable,  but  must  not  be 
allowed  to  become  an  excuse  for  inefficient  disinfection  of  the  hands, 
which  should  be  treated  as  carefully  as  if  no  gloves  are  to  be  worn. 
The  objections  urged  against  their  use  are — (a)  that  they  predispose 
to  carelessness  in  preparation  of  the  hands  :  the  answer  to  this  is 
obvious  ;  (b)  that  by  acting  as  a  moist  dressing  they  induce  sweating, 
and  so  release  from  the  deeper  layers  of  the  skin  organisms  which, 
in  the  event  of  an  injury  to  the  glove,  gain  access  to  the  wound  :  to 
some  degree  this  is  obviated  by  the  use  of  sterilized  gloves  put  on  dry, 
but  to  a  certain  extent  the  validity  of  this  objection  must  be  theo- 
retically granted  ;  and  (c)  that  they  interfere  with  the  sense  of  touch  : 
if  thin  gloves,  roughened  on  the  surface  to  prevent  slipping,  and 
sterilized  dry,  be  used,  the  surgeon  will,  after  short  experience,  suffer 
no  inconvenience  on  this  score.  The  advantages  of  dry  sterilization 
of  the  gloves  are  :  (1)  The  sodden  condition  of  the  skin  is  avoided 
which  causes  diminution  of  the  tactile  sense,  probably  encourages 
the  escape  of  micro-organisms  from  the  deeper  to  the  more  super- 
ficial layers,  and  afterwards  predisposes  to  roughening  of  the  hands. 
(2)  If  the  hands  be  immersed  in  spirit,  dried,  and  powdered  with 
sterilized  talc,  they  will  slip  into  well-fitting  gloves  more  readily  than 
if  they  are  wet. 

Even  if  the  surgeon  dislikes  gloves  for  clean  cases,  there  is  no 
doubt  that  in  septic  cases  their  use  is  imperative  for  his  own  protection, 
not  only  at  the  time  of  operation,  but  also  for  each  dressing. 

It  is  essential  that  the  gloves  chosen  should  accurately  fit  the 
hands.  Tightness  induces  a  cramped  feeling  if  the  operation  be  long , 
whilst  imdue  looseness  leads  to  needle  punctures  and  consequent 
failure  in  the  object  desired. 

The  value  of  special  boots  for  use  in  the  operating  theatre  is 
doubtful ;  but  as  a  protection  for  the  surgeon's  trousers  and  boots, 
sailcloth  over-shoes,  which  can  be  boiled,  or  rubber  sea-boots,  are 
suitable. 

Hands  and  arms. — Though  the  thorough  sterilization  of  the 
hands  is  unattainable,  the  greatest  care  and  sufficient  time  must 
be  devoted  to  rendering  them  as  clean  as  possible.  The  nails  must  be 
cut  short,  all  frayed  skin  and  hang-nails  removed,  the  grooves  round 
the  bed  of  the  nail  thoroughly  freed  from  dirt  with  a  nail-brush,  and 
the  hands  and  arms  deliberately  scrubbed  with  soap,  first  in  lathery 
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water,  and  then  in  running  water,  for  ten  minutes  at  least.  Up  to  tliis 
point  all  surgeons  agree.  After  this,  liowever,  a  great  variety  of  practice 
exists.  It  is  our  custom  thoroughly  to  rub  the  hands  and  arms  with 
swabs  soalced  in  methylated  spirits  after  carefully  drying,  and  prior 
to  putting  on  dry  sterilized  gloves.  Others  immerse  their  hands 
and  arms  in  various  solutions,  such  as  carbolic  (U40  or  U60), 
perchloride  of  mercury  (U1,000  to  1-2,000).  biniodide  of  mercury 
(U2,000)  in  either  watery  or  alcoholic  solution,  lysol  (1  per  cent.). 
Of  these  we  believe  the  biniodide  of  mercury  to  l)e  the  best,  inasmuch 
as  it  does  not  damage  the  hands  or  the  instruments,  nor  does  it 
coagulate  albumins  so  much  as  does  the  perchloride.  Carbolic  and 
lysol  are  of  value  for  their  permeating  antiseptic  properties,  but  cannot 
be  tolerated  by  many  skins.  We  2^i'efer  the  watery  to  the  alcoholic 
solution  of  biniodide  for  its  smaller  cost  and  greater  efficiency. 

If  immersion  in  an  antiseptic  lotion  be  adopted,  the  most  suitable 
method  is  to  stand  with  each  hand  and  arm  up  to  the  elbow  in  a 
confectioner's  jar  containing  iAie  solution. 

Scliatz  introduced  the  inethod  of  immersion  in  a  saturated  solution 
of  potassium  permanganate  followed  by  bleaching  in  a  saturated 
solution  of  oxalic  acid  ;  this  is,  however,  very  trying  to  sensitive 
skins. 

From  time  to  time,  attempts  have  been  made  to  coat  the  hands 
with  a  flexible  but  impermeable  coating  of  indiarubber  dissolved  in 
tetrachloride  of  carbon  or  other  solvent,  but  without  great  success. 

Routine  before  operation. — Whilst  some  authorities,  espe- 
cially on  the  Continent,  lay  great  stress  on  bathing,  oral  disin- 
fection, and  entire  change  into  sterilized  clothing  before  entering  the 
operating  room,  in  this  country  most  surgeons  content  themselves 
with  less  drastic  methods,  apparently  without  detriment  to  the  aseptic 
result.  Where  possible  the  preparation  of  the  surgeon  and  his  assis- 
tants should  be  carried  out  in  an  anteroom  and  not  in  the  operating 
theatre  itself.  The  surgeon,  having  put  on  over-boots  and  macintosh 
apron,  if  it  be  his  custom  to  use  them,  proceeds  to  cleanse  and  disinfect 
his  hands  and  arms  thoroughly  by  the  methods  detailed  above.  Then 
from  a  sterilizer  drum,  held  open  for  him  by  one  of  his  assistants, 
he  takes  a  sterilized  overall  and  puts  it  on,  being  careful  to  avoid 
any  contact  with  its  outer  surface.  A  sterilized  cap  and  mask 
having  been  fastened  on,  he  proceeds  to  the  process  of  gloving. 
He  must  first  assure  himself  that  the  gloves  are  free  from  needle 
punctures  ;  then,  avoiding  all  handling  of  their  outer  surface 
with  the  naked  hand,  he  seizes  the  everted  wrist  of  the  glove  and 
draws  it  on  as  far  as  possible  by  gentle  traction,  completing  the 
accurate  fitting  by  stroking  the  fingers  upwards  with  sterilized  gauze. 
If  gloves  sterilized  wet  be  used  they  may  be  floated  on  while  full  of 


Fig.  17. — Surgeon  dressed  for  operation. 
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lotion,  or  pulled  on  after  wetting  the  hands  with  spirit ;  if  dry  gloves — 
which  we  prefer— be  employed,  they  should  be  powdered  inside  with 
sterilized  talc  and  drawn  over  the  thoroughly  dried  and  powdered 
hands  ;  the  powder  should  not  be  used  in  such  quantity  as  to  form 
a  definite  deposit  inside  the  glove.  A  special  gloving  machine  has 
been  invented  which,  depending  on  the  creation  of  a  vacuum  outside 
the  glove,  distends  it  and  enables  the  surgeon  to  slip  his  hand  straight 
into  it.    It  seems  to  us,  however,  quite  imnecessary. 

Any  moisture  must  now  be  squeezed  out,  and  the  sleeves  of  the 
garment  introduced  beneath  the  wrists  of  the  gloves  ;  the  surgeon 
is  then  ready  to  commence  work  (Fig.  17). 

PREPAEATION  OF  THE  PATIENT 

The  patient  should,  if  possible,  be  under  observation  for  forty - 
eight  hours  before  operation,  with  a  view  to  thorough  general 
examination  and  record,  and  also  to  accustom  him  to  his  surroundings 
and  to  confinement  in  bed.  During  this  period  the  bowels  should  be 
cleared  out  and  the  oral  hygiene  attended  to.  The  teeth  should 
be  scaled  and  cleaned,  and  the  mouth  systematically  washed  out, 
especially  in  all  operations  involving  the  mouth,  jaws,  neck,  and 
digestive  tract,  and  in  cases  requiring  prolonged  anaesthesia.  If  this 
precaution  be  rigidly  observed,  the  number  of  cases  developing  post- 
operative pneumonia,  secondary  parotitis,  etc.,  will  be  greatly  reduced. 
In  gastric  cases  and  in  cases  of  intestinal  obstruction,  especially  if 
stercoraceous  vomiting  be  present,  lavage  of  the  stomach  should  be 
practised.  Its  slight  addition  to  the  shock  is  more  than  counter- 
balanced by  the  increased  safety  of  the  operative  procedure  and  the 
lessened  risk  in  the  administration  of  the  anfesthetic. 

The  skin  for  a  wide  area  round  the  proposed  site  of  operation  may 
be  prepared  as  follows  :— 

On  two  days  before  the  operation  the  site  is  shaved  for  the  purpose 
of  removing  not  only  hair,  but  also  superficial  epidermis,  and  then 
thoroughly  washed  with  soap  and  warm  water  for  fifteen  minutes. 
The  nail-brush  should  be  freely  used  for  all  patches  of  roughened  and 
hardened  sldn,  such  as  that  of  the  hands,  feet,  and  prepatellar 
region,  but  on  delicate  skins  it  frequently  does  more  harm  than  good, 
by  causing  abrasion  and  liyperajmia,  and  by  scrubbing  in  micro- 
organisms. The  part  should  then  be  swabbed  over  with  turpentine 
and  with  ether,  followed  by  some  efficient  antiseptic  lotion,  and 
finally  covered  with  weak  antiseptic  compresses.  Warning  is  neces- 
sary against  the  use  of  weak  carbolic  compresses  on  fingers  or  toes, 
for  fear  of  gangrene. 

On  the  evening  before  operation  this  dressing  is  removed  and  the 
k 
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cleansing  processes  are  repeated,  followed  this  time  by  dry  dressing, 
or  again  by  a  weak  antiseptic  compress,  whicli  is  not  disturbed  until 
the  patient  is  on  the  table  ready  for  operation.  It  is  then  removed, 
and  the  part  washed  over  with  spirit  or  other  lotion.  If  the  previous 
cleansing  be  trustworthy  it  seems  to  us  unnecessary  to  "  wash-up  " 
again  on  the  table,  as  is  the  practice  of  many  surgeons.  In  emergency 
cases,  reliance  must  be  placed  on  thorough  washing  at  the  time  of 
operation  ;  and  some  surgeons  are  content  to  depend  on  such 
immediate  cleansing  even  in  cases  where  time  would  permit  the  longer 
process. 

Quite  recently  the  useful  method  of  skin  disinfection  by  iodine 
has  come  into  vogue.  It  is  simple,  rapid,  apparently  trustworthy, 
and  especially  suitable  for  emergency  operations.  A  practical  point 
is  the  necessity  for  avoidance  of  the  immediate  preliminary  use  of 
soap  and  water,  which,  by  causing  swelling  of  the  prickle-cell  layer, 
prevents  thorough  permeation  by  the  iodine. 

The  part  should  either  be  shaved  twelve  hours  previously  with  soap 
and  water,  or  dry-shaved  just  before  the  operation,  and  then  painted 
with  the  chosen  preparation  of  iodine.  By  many  the  official  tincture  is 
used,  but  this  tends  to  produce  an  erythema.  Others  use  a  1  per 
cent,  solution  in  benzine  (Bogdan),  or  in  benzine  and  paraffin  (Esau). 
Esau's  formula  is — ■ 

Tinct.  iodi  10 

Benzine  .......  750 

Liquid  jDaraffin         ......  250 

These  formulae  have  the  advantage  of  containing  an  efficient  fat- 
solvent  in  addition  to  the  antiseptic. 

Iodine  may  also  be  used  in  chloroform  solution  (1-15),  and  this 
possesses  the  merit  of  forming  a  more  stable  preparation  than  the 
tincture. 

Zabludowski  reports  excellent  results  from  the  use  of  a  5  per 
cent,  alcoholic  (96  per  cent.)  solution  of  tannin  both  for  the  surgeon's 
hands  and  for  the  skin  of  the  patient.  It  has  the  advantage  that  it 
can  be  used  after  soap  and  water. 

Acetone  also  affords  a  useful  method  of  skin  preparation.  Acetone, 
by  itself,  is  a  feeble  antiseptic.  Combined,  however,  with  iodine 
or  with  alcohol  (equal  parts  of  acetone  and  95  per  cent,  alcohol) 
it  gives  excellent  results.  But  it  has  one  drawback  :  it  is  intensely 
irritating  to  some  people,  producing  profuse  lachrymation  and  coryza. 
In  order  to  overcome  this  difficulty  A.  J.  Wallace  has  introduced  a 
combination  of  dichloride  of  ethylene  and  iodine  which  possesses  all 
the  solvent  without  any  of  the  irritating  properties  of  acetone.  The 
use  of  this  combination  entirely  does  away  with  the  need  for  prolonged 
cleansing,  compresses,  etc.,  and  for  this  reason  adds  to  the  mental 
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and  j^liysical  comfort  of  the  patient.  His  metliod  is  as  follows  : 
About  an  hour  before  the  operation  tlie  area  is  rubbed  over  with  a 
mixture  of  ethylene  dichloride  and  alcohol  on  sterile  swabs.  This 
is  followed  by  rubbing  in  pure  ethylene  dichloride.  The  iodine- 
ethylene-dichloride  mixture  (I.D.E.)  is  then  painted  over,  and  the 
whole  covered  with  a  sterile  dressing.    The  results  are  excellent. 

Disregard  of  the  psychical  condition  of  the  patient  is  only  too 
common.  The  surgeon  tends  to  regard  the  case  as  one  of  diagnostic 
or  therapeutic  interest,  and  fails  to  realize  that  he  has  to  deal  with 
a  personality  as  well  as  with  a  disease.  To  inspire  in  the  patient 
placid  confidence  leads  to  quiet  anaesthesia,  less  shock,  and  a  more 
satisfactory  convalescence.  From  this  point  of  view  the  choice  of 
suitable  nurses  and  the  control  of  the  patient's  friends  are  especially 
important,  and  may  call  for  strong  but  tactful  dealing. 

The  patient  should  be  led  to  think  that  the  operation  is  merely 
an  incident  in  the  treatment,  and  should  be  discouraged  from  focusing 
his  whole  attention  upon  it.  We  believe  that  the  systematic  violent 
purging  and  rectal  lavage  so  usually  adopted,  whether  specially 
indicated  or  not,  frequently  do  more  harm  by  disturbing  the  mental 
equilibrium  than  good  by  the  removal  of  the  maximum  of  stercoral 
matter. 

The  maintenance  of  the  body  warmth  is  very  important,  especially 
in  children,  old  and  feeble  people,  and  the  victims  of  severe  trauma. 
The  operation  table  should  be  warmed,  and  the  patient  warmly  clad 
and  surrounded  by  hot-water  bottles,  placed  with  due  care  to  avoid 
burning  during  unconsciousness. 

The  alteration  in  diet  necessitated  by  the  ansesthetic  is  discussed 
at  p.  OTB.  As  a  preliminary  to  operations  on  the  stomach  and  duodenum 
it  is  recommended  that,  when  circumstances  permit,  the  patient  be 
fed  on  foods  that  have  been  sterilized  for  two  days  before  operation. 

PREPARATION  OF  THE  ROOM 

1.  In  hospital. — It  is  impossible  in  the  space  at  our  disposal 
to  descril)e  modern  theatre  construction. 

2.  In  private  houses. — i.  //  time  pernnt,  the  room  should  be 
cleared,  carpets  taken  up,  and  all  pictures,  curtains,  and  unnecessary 
furniture  removed.  The  floors  should  be  washed  and  the  room  dusted 
with  moist  cloths.  Some  surgeons  have  the  room  disinfected  with 
moist  formalin  vapour,  but,  if  this  be  used,  thorough  ventilation  is 
afterwards  essential. 

The  following  should  be  provided  : — 

(rt)  A  portable  operating-table,  capable  of  permitting  the  raising 
and  lowering  of  the  head,  and  of  taking  the  Trendelenburg  position. 
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Failing  this,  a  narrow  but  firm  kitchen  table,  or  two  tables  end  to  end , 
or  in  the  form  of  a  T,  may  be  used. 

(b)  Three  small  tables — one  for  dressings,  sterilizer,  drums,  etc., 
a  second  for  instrument-trays,  and  the  third  for  the  anaesthetist. 

(c)  Several  sterilized  bowls  and  basins. 

{d)  A  large  supply  of  hot  and  cold  sterilized  water. 

(e)  A  convenient  instrument  sterilizer. 

(/)  A  plentiful  supply  of  the  chosen  lotions  {see  p.  263). 

(g)  Efficient  lighting — preferably  a  natural  north  light.  Also 
hand-lamps. 

(h)  A  couple  of  washstands,  with  boiled  nail-brushes. 

(i)  Blankets  pinned  inside  clean  sheets  for  laying  under  and  over 
the  jjatient. 

(/)  A  piece  of  oilcloth  to  spread  mider  the  table. 

ii.  In  an  etnergency  the  less  disturbance  of  the  room  with  a  view 
to  cleansing,  the  better.  It  is  wiser  to  leave  dust  on  the  floor  than  to 
stir  it  up  in  a  hurried  attempt  to  prepare  the  room.  The  floor  may  be 
covered  Avith  damp  sheets,  but  otherwise  very  little  should  be  done. 

PREPARATION  OF  INSTRUMENTS  AND  UTENSILS 

Sharp-edged  steel  instruments  may  be  disinfected  by  immersion 
for  half  an  hour  in  methylated  spirit,  or  for  15  minutes  in  pure 
carbolic ;  or  they  may  be  boiled  in  1  per  cent,  soda  solution  or  borax 
solution  for  4  to  5  minutes.  The  blimting  so  liable  to  occur  in  the 
latter  two  methods  may  be,  as  we  have  said,  largely  prevented  by 
wrapping  the  blades  in  cotton-wool  or  lint  to  obviate  contact 
with  the  containing  vessel. 

Blunt  steel  instruments  are  to  be  sterilized  by  boiling  for  20  minutes 
in  1  per  cent,  soda  or  borax  solution.  The  addition  of  the  soda 
or  borax  (a  teaspoonful  to  a  pint)  to  the  water  serves  the  double 
purpose  of  preventing  discoloration  of  the  instruments  and  of 
raising  the  boiling-point  from  100°  C.  to  anything  between  104°  C. 
and  106°  C.  It  is  essential  that  the  solution  be  in  a  state  of  active 
ebullition,  that  the  instruments  be  completely  immersed,  and  that 
the  lid  of  the  sterilizer  be  in  position.  Unless  the  liquid  be  kept 
stirred  by  the  process  of  ebullition,  and  the  lid  be  kept  on  to  prevent 
rapid  evaporation  accompanied  by  cooling  of  the  surface,  the 
temperature  is  not  uniform  throughout,  and  is  frequently  less  than 
100°  C.  at  the  surface.  When  the  process  of  sterilization  is  completed 
the  instruments  are  laid  out  on  a  tray,  either  on  a  dry  sterilized 
towel,  or  in  steriHzed  water,  spirit,  or  1-20  carbolic. 

Glass  instruments,  and  still  more  glass-and-metal  instruments,  such 
.as  syringes,  are  liable  to  crack  if  put  direct  into  boiling  water,  and 


PREPARATION  OF  UTENSILS  AND  DRESSINGS  261 


therefore  should  be  put  first  into  warm  water,  which  is  then  raised  to 
boiUng-point  and  maintained  at  that  heat  for  20  minutes.  Injection 
syringes  are  frequently  sterilized  by  immersing  the  needle  in  and  filling 
the  syringe  with  oil  at  a  temperature  of  160°  C.  Tliis  temperature 
may  be  roughly  taken  to  be  that  at  which  bread  immersed  in  oil  is 
fried  brown. 

Silver  and  rubber  catheters  are  sterilized  by  boiling.  Gwn-elastic 
catheters  may  be  kept  in  glycerine  and  perchloride  of  mercury,  or 
in  long  test-tubes  fitted  with  caps  containing  formalin  so  that  the 
instruments  are  kept  continuously  in  a  moist  formalin  vapour. 
Boiling  is  very  efficient,  but  quickly  rots  the  fabric. 

Gloves  may  be  boiled  in  plain  water  without  soda,  or  sterilized 
dry  with  the  dressings.  If  the  latter  method  be  adopted,  it  is  essential 
that  their  freedom  from  holes  be  ascertained,  and  that,  in  order  to 
prevent  sticking  together,  they  be  thoroughly  dried  and  ^^owdered. 
It  is  our  custom  to  sterilize  the  gloves,  towels  for  drying  the  hands, 
and  a  castor  of  talc  powder  together  in  a  separate  small  drum. 

Bowls  and  basins  should  be  boiled  in  a  large  copper.  In  cases 
where  this  is  impracticable,  the  dishes  may  be  "  flamed  "  by  rinsing 
in  methylated  spirit,  which  is  then  set  alight.  It  is  obvious  that 
the  common  fault  of  handling  bowls  with  the  thumb  inside  must  be 
avoided. 

PREPARATION  OF  DRESSINGS,  SWABS,  SPONGES,  ETC. 

These  should  all  be  made  of  sterilizable  material.  The  use  of  marine 
sponges  should  be  entirely  abandoned,  owing  to  the  involved  processes 
and  uncertain  result  of  their  preparation.  In  their  stead,  for  the 
packing-ofE  of  cavities,  e.g.  the  abdomen,  the  surgeon  may  use  either 
rolls  of  gauze  or  squares  composed  of  several  layers  of  gauze  stitched 
together  and  having  a  tape  fixed  to  one  corner,  brought  out  of  the 
wound  and  caught  in  forceps  to  prevent  loss  in  the  abdomen. 

For  use  as  mops,  swabs  made  of  cotton-wool  tied  in  gauze,  or 
small  squares  of  gauze  in  several  layers,  are  convenient  and  completely 
sterilizable. 

We  prefer  simple,  plain  gauze  and  wooi  to  the  medicated  varieties, 
such  as  those  impregnated  with  iodoform,  cyanide,  or  sal-alembroth. 
If  these  be  used,  they,  like  the  plain  dressings,  must  be  sterihzed  by 
heat,  and  thus  much  of  the  iodine  is  driven  oft'  slowly  from  iodoform. 
Iodoform  gauze  for  packing  is  often  used  in  view  of  the  fact  that  it 
gives  off  nascent  iodine  in  contact  with  pus  or  blood,  but  it  may  set 
up  unpleasant  local  irritation  and  general  toxic  effects. 

In  similar  manner  all  towels,  overalls,  and  other  fabrics  are  to  be 
sterilized  by  heat. 
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LIGATURES  AND  SUTURES,  AND  THEIR  PREPARATION 

Very  varied  substances  have  been  used  for  ligature  and  suture 
purposes  in  an  endeavour  to  obtain  a  material  which  shall  combine 
all  the  following  characteristics  : — 

(a)  It  must  be  absolutely  sterilizable. 

(b)  It  must  retain  its  tensile  strength. 

(c)  It  must  not  be  absorbed  before  it  has  fulfilled  its  purpose. 

(d)  It  should,  however,  be  absorbable,  so  that  in  septic  cases  it 
may  not  remain  in  the  tissues  to  prolong  suppuration. 

(e)  It  should  be  soft  and  readily  flexible,  so  that  it  may  lie  flat  at 
the  eye  of  a  needle  and  not  form  an  awkward  bulge  requiring  a  pull 
to  bring  it  through  the  tissues. 

(/)  It  should  be  non-irritant. 

The  materials  that  have  been  adopted  fall  naturally  imder  two 
heads  :  (1)  the  absorbable,  such  as  catgut,  kangaroo  tendon,  reindeer 
tendon,  and  ox  aorta  ;  and  (2)  the  non-absorbable,  such  as  silk,  linen 
thread,  Pagenstecher's  celluloid  thread,  silkworm  gut,  horsehair,  silver 
and  other  wires.  It  is  obvious  that  an  absorbable  material  is  ideal 
for  buried  sutures  and  ligatures,  provided  that  it  permits  of  efficient 
sterilization.  Inasmuch,  however,  as  none  of  the  absorbable  sub- 
stances used  can  be  boiled  without  change  in  their  properties,  the  only 
perfect  and  convenient  method  of  disinfection,  viz.  that  by  moist 
heat,  is  applicable  only  in  the  case  of  the  non-absorbable  sutures. 

Catgut  satisfies  all  the  above  essentials  except  that  it  will  not  with- 
stand disinfection  by  heat,  and  that  usually  it  is  less  flexible  than  silk 
or  thread  of  corresponding  size.  Innumerable  ways  of  preparing 
catgut  have  been  devised  since  Lord  Lister  first  introduced  the 
carbolic-oil  method,  which  has  been  abandoned  owing  to  experimental 
proof  of  its  inefficacy. 

The  iodine  method  of  preparation  is  so  simple  and  so  relatively 
safe  that  we  may  dismiss  the  formalin,  biniodide,  and  perchloride 
methods  at  once.  Commercial  catgut  is  immersed  in  ether  for  24  hours, 
transferred  to  a  1  per  cent,  solution  of  iodine  in  potassium  iodide  for 
8  days,  and  is  then  ready  for  use.  It  may  be  stored  in  the  iodine 
solution  or  dry  in  sterilized  bottles.  Before  use  it  should  be  steeped 
for  a  few  minutes  in  sterilized  water. 

Catgut  prepared  by  the  iodine  method  is  strong,  absorbable,  and, 
in  the  practice  of  a  great  many  surgeons,  reliably  aseptic.  It  is  not 
so  strong,  however,  nor  so  flexible  as  silk  or  thread,  both  of  which 
possess  the  additional  advantage  that  they  can  be  boiled.  Moreover, 
Richardson  has  collected  21  cases  of  post-operative  tetanus  following 
the  use  of  catgut,  but  does  not  state  the  method  by  which  it  was 
prepared,  while  Webber  reports  three  cases  following  iodized  catgut. 
For  septic  cases  an  absorbable  ligature  has  such  undoubted  advan- 
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tages,  in  that  the  suppuration  is  not  maintained  by  the  presence  of 
a  foreign  body,  that,  if  reasonable  certainty  of  disinfection  can  be 
obtained,  this  material  should  be  used.  In  aseptic  cases  there  seems 
to  be  no  objection  to  the  use  of  silk  or  thread.  Many  surgeons  use 
catgut  for  all  purposes. 

LOTIONS 

Lotions  of  great  variety  are  in  common  use  by  most  surgeons  during 
their  operations.  Between  the  "  aseptic  "  school,  who  avoid  lotions  or 
use  only  sterilized  water  or  saline  solution,  and  the  "  antiseptic  "  school, 
who  use  strong  germicides  freely,  there  lies  the  great  body  of  general 
surgeons  who  rely  chiefly  upon  complete  sterilization  but  prefer  at 
the  same  time  to  use  antiseptic  lotions  sparingly  during  their  work. 

A  very  large  number  of  chemical  substances  have  been  introduced 
into  surgical  practice  in  the  effort  to  secure  the  ideal  antiseptic,  which 
shall  at  the  same  time  be  reliably  and  actively  germicidal,  non-toxic, 
non-irritating,  penetrating,  and  sufficiently  non-volatile  to  ensure 
prolonged  action.  It  should  also  be  a  stable  compound,  even  when 
it  is  introduced  into  the  tissues,  should  not  combine  with  albumin, 
should  be  freely  soluble,  and  should  not  stain  the  skin,  clothing,  or 
instruments. 

Biniodide  of  mercury  in  watery  solution,  and  alcohol,  are,  we  believe, 
the  most  suitable  antiseptics  for  general  operative  work.  Many  other 
substances,  however,  such  as  hydrogen  peroxide,  iodine,  carbolic  acid, 
lysol,  and  formalin,  hold  valuable  places  in  sm'gical  technique. 

Biniodide  of  mercury  or  potassio-mercuric  iodide,  perha]3s  better 
even  than  alcohol,  fulfils  the  essentials  of  an  ideal  antiseptic.  Its 
toxicity  is  small  as  compared  with  corrosive  sublimate  or  carbolic. 
It  is  a  powerful  germicide,  and  as  its  interaction  with  albumin  is  very 
small,  its  antiseptic  value  in  the  tissues  corresponds  much  more  closely 
to  its  test-tube  efficiency  than  is  the  case  with  corrosive  sublimate 
and  many  of  the  other  mercurial  lotions.  Its  power  of  penetration 
is  therefore  greater  than  that  of  corrosive  sublimate,  and  it  is  com- 
paratively non-irritating.  Skins  which  are  very  sensitive  to  carbolic 
acid,  lysol,  or  other  coal-tar  derivatives,  or  to  corrosive  sublimate, 
will  usually  tolerate  free  and  prolonged  use  of  biniodide  of  mercury 
without  irritation.  It  stains  neither  the  skin  nor  linen,  nor  does  it 
discolour  or  corrode  steel  instruments  imless  they  have  been  left  in 
it  for  some  time.  The  watery  solution  is  more  efficient  in  the  tissues 
as  an  antiseptic  than  the  more  costly  alcoholic  solution. 

Alcohol  affords  a  most  valuable  method  of  sterilizing  the  hands, 
far  surpassing  that  of  all  other  agents"  (Lcedham-Grreen).  The 
experiments  of  various  observers  have  shown  that  the  best  germicidal 
value  has  been  obtained  with  70  per  cent,  dilution  of  the  spirit,  used 
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from  4  to  5  minutes.  Absolute  alcohol  is  less  germicidal  tLan  this 
weaker  solution  ;  the  alcohol  apparently  acts  not  only  as  a  strong 
disinfectant,  but  also  by  hardening  the  surface  of  the  epithelium 
and  imprisoning  bacteria  situated  in  the  deeper  layers  of  the  skin. 
It  is  essential  that  it  be  used  on  the  dry  hands,  otherwise  the  harden- 
ing object  is  not  attained.  This  is  a  specially  suitable  method,  therefore, 
for  hand  steriHzation  if  dry  rubber  gloves  are  to  be  worn  afterwards. 

This  combination  of  alcohohc  steriHzation  and  epithelial  hardening 
with  preservation  of  the  dryness  of  the  hands  not  only  secures  an 
efScient  degree  of  manual  asepsis  at  the  commencement  of  the  opera- 
tion, but  tends  to  maintain  it  throughout,  by  avoiding  the  subsequent 
softening  of  the  alcohol-hardened  epidermis  and  escape  of  organisms 
from  the  deeper  layers  of  the  skin. 

Corrosive  sublimate,  perchloride  of  mercury,  is  commonly  regarded 
as  an  efficient  antiseptic,  but  we  believe  that  its  use  should  be  largely 
abandoned  in  favour  of  biniodide.  It  is  markedly  irritating  to  the 
tissues  and  to  many  skins,  has  toxic  properties,  immediately  dis- 
colours steel  and  silver  instruments,  reacts  strongly  with  albumin,  and 
is  decomposed  by  soaps  and  alkalies. 

Sal-alemhroth,  ammonio-mercuric  chloride,  in  its  irritating  qualities 
and  its  power  of  combining  with  albumin,  occupies  a  position  inter- 
mediate between  corrosive  sublimate  and  biniodide. 

Carbolic  acid. — The  results  of  experimental  research  into  the 
bactericidal  power  of  carbolic  acid  have  been  extraordinarily  varied, 
and  probably  its  germicidal  action  has  been  very  greatly  exaggerated. 
Undoubtedly,  however,  it  has  a  strong  inhibitory  effect  on  the  ordinary 
organisms  of  disease,  even  in  very  dilute  solution  ;  thus  a  solution 
of  1-800  will  cause  permanent  attenuation  of  anthrax  bacilli  grown 
in  it  (Pearson).  It  has  been  extensively  used  in  surgery  since  it  was 
first  introduced  by  Lister,  but  it  must  be  remembered  that  even 
solutions  of  1-20  are  incapable  of  completely  sterilizing  either  in- 
struments or  skin,  even  if  their  action  be  prolonged  for  several  hours. 
Weak  solutions  are,  nevertheless,  quite  suitable  for  preserving  the 
sterility  of  instruments  which  have  already  been  sterilized,  for  they 
not  only  have  a  strong  inhibitory  action  on  bacteria,  but  they  neither 
discolour  nor  corrode  the  instruments,  nor  cause  them  to  be  slippery. 
Carbolic  acid  is  strongly  toxic,  and,  if  used  freely  on  large  wounds  or 
in  extensive  cavities,  may  be  absorbed  and  cause  grave  constitutional 
symptoms.  The  patient  begins  by  passing  a  greenish  or  brownish 
urine,  and  later  becomes  pallid,  with  small  rapid  pulse,  dilated  pupils, 
blue  lips,  shallow  rapid  breathing,  and  a  subnormal  temperature. 
This  general  depression  of  the  vital  centres  may  pass  into  a  low 
delirium,  and  thence  into  coma  and  death.  Locally,  also,  carbolic 
acid  has  strong  toxic  effects.    It  irritates  many  skins,  and  if  it  be 
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applied  as  a  moist  dressing  (especially  if  weak  solutions  sucli  as  1-60 
or  1-80  be  used)  to  a  part  with  a  "  terminal  "  circulation,  gangrene 
is  apt  to  occur  insidiously,  the  patient  being  unaware  of  any  morbid 
sensation  owing  to  the  anaesthetic  action  of  the  solution.  Numerous 
fingers  have  been  lost  in  this  wa}''. 

Creolin  (1  to  2  per  cent.),  cyllin  (purified  creolin),  lysol  (1  to  2  per 
cent.),  microl  (1  to  2  per  cent.),  izal  (f  per  cent.),  are  all  derivatives 
of  coal-tar. 

Lysol,  being  prepared  by  saponification  of  coal-tar  oil  with 
alkalis,  may  be  used  for  its  soapy  as  well  as  for  its  antiseptic 
action.  These  preparations  are  all  more  or  less  irritating  to  sensitive 
skins  ;  they  are,  however,  less  toxic  than  carbolic  acid. 

Creolin  should  be  mixed  with  cold  water  first,  for  if  hot  Avater  be 
added  directly  to  the  imdiluted  creolin  some  of  the  oils  are  pre- 
cipitated. 

Lysoform  is  a  combination  of  formaldehyde  with  soap,  which 
may  be  used  in  solutions  of  from  1  to  5  per  cent.  It  is  comparatively 
non-irritating  and  non-toxic,  and  a  fairly  efficient  germicide. 

Formalin,  a  40  per  cent,  watery  solution  of  formaldehyde,  is 
frequently  used  in  strengths  of  from  1  to  10  per  cent,  of  the  formalin, 
especially  for  spra}dng  rooms  and  for  disinfecting  very  septic  wounds. 
Its  pungent,  irritating  vapour  is,  however,  a  great  drawback. 

Hydrogen  peroxide  (HoOj)  is  a  very  valuable  preparation,  especially 
for  suppurating  cavities,  fistulse,  and  lesions  infected  with  anaerobic 
organisms.  When  mixed  with  pus,  etc.,  it  causes  a  free  effervescence 
due  to  the  setting  free  of  nascent  oxygen.  The  B.P.  preparation 
should  give  off  10  volumes  of  oxygen  on  decomposition.  If  used  in 
this  strength,  however,  for  comparatively  recent  wounds,  hydrogen 
peroxide  is  apt  to  cause  a  stinging,  impleasant  sensation.  It  is, 
however,  frequently  used  in  strengths  of  from  4  to  7  volumes.  If  it  be 
employed  for  suppurating  cavities,  such  as  the  Imee-joint,  one  must 
remember  that  it  distends  the  cavity  and  opens  up  the  outljdng 
pockets  of  the  synovial  membrane.  If  these  be  infected  this  is,  of 
course,  a  desirable  action,  but  if  it  seems  probable  that  they  have 
escaped  infection  the  hydrogen  peroxide  may  cause  its  extension 
from  the  general  joint-cavity  into  these  bursae,  etc.  Hydrogen 
peroxide  has  the  additional  advantage  that  it  assists  in  hfemostasis 
and  in  the  loosening  of  plugs. 

Boric  acid  is  a  feeble  and  ineffective  germicide,  but  is  of  value 
for  its  non-irritating  and  non-toxic  effects.  It  is  chiefly  used  for 
the  irrigation  of  the  conjunctiva  and  of  the  mucous  membranes,  and 
for  the  preparation  of  hot  fomentations. 

Potassium  permanganate  possesses,  on  account  of  its  oxidizing 
power,  antiseptic  properties,  but  imless  in  strength  greater  than 
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5  per  cent. — i.e.  mucli  more  concentrated  than  that  usually  employed 
— ^it  is  quite  useless.  Saturated  solutions  are  used,  followed  by  satu- 
rated solutions  of  oxalic  acid,  in  Schatz's  method  of  preparing  the 
hands  for  operation. 

Tinct.  henzoini  co.  (Friar's  balsam)  is  frequently  of  value  as  an 
immediate  application  in  cases  of  accidental  wounds,  and  is  some- 
times used  for  swabbing  out  septic  cavities,  and  also  in  mouth 
operations  (Pearson). 

Iodine  is  a  very  valuable  and  powerful  antiseptic,  which  may  be 
used  either  in  the  form  of  the  tincture  (2 A  per  cent.),  of  a  diluted 
tincture  in  which  it  is  dissolved  in  potassium  iodide  (1  per  cent.),  or 
as  a  chloroform  or  ethylene-dichloride  solution.  If  it  be  used  for  skin 
preparation,  previous  soap-and-water  treatment  should  be  omitted, 
for  reasons  already  stated  (see  p.  258).  In  factories,  where  woimds  are 
not  uncommon,  it  should  be  kept  in  stock  for  immediate  application. 
If  this  be  done  it  should  be  remembered  that  the  tincture,  and  other 
potassium  iodide  solutions,  should  not  be  more  than  one  month  old  ; 
the  chloroform  solution  appears  to  be  much  more  stable,  and  therefore 
more  suitable  for  this  purpose.  The  combination  of  stimulant  with 
antiseptic  properties  possessed  by  the  tincture  renders  it  specially 
valuable  in  the  treatment  of  chronic  fistulae  and  sores.  It  actively 
promotes  phagocytosis,  and  also  stimulates  the  growth  of  granulation 
tissue.  Its  power  of  penetration  through  the  skin  can  be  increased 
by  kataphoresis. 

Normal  saline  solution  is  a  solution  of  common  salt  in  sterilized 
water  in  the  strength  of  0'65,  or,  roughly,  1  drachm  to  the  pint.  It 
approximates  in  strength  to  blood-plasma,  and  therefore,  on  account 
of  its  non-irritating  and  non-devitalizing  characters,  if  prepared 
under  aseptic  precautions,  affords  an  excellent  lotion  for  all  fresh 
wounds,  for  skin  grafts,  and  for  delicate  membranes  such  as  the 
peritoneum. 

Sterilized  water  is  freely  used  by  many  surgeons,  and  may  be 
prepared  by  boiling  water  for  five  minutes  in  Florence  flasks,  which  are 
then  corked  with  sterile  cotton-wool  and  allowed  to  cool. 

PRINCIPLES  OF  OPERATIVE  PROCEDURE 

Although  the  general  principles  of  operative  procedure  cannot  be 
discussed  in  detail,  we  must  emphasize  the  necessity  for  the  avoidance 
of  all  scratching  with  the  knife  or  raising  of  the  skin  from  the 
subcutaneous  tissues  ;  the  knife  should  be  so  held  as  to  ensure  its  use 
as  a  cutting  instrument  and  not  as  one  for  the  teasing  out  of  the  tissues. 
The  method  of  holding  the  knife  permitted  in  anatomical  dissecting 
must  be  abandoned  in  surgical  work.    Scratching  and  under-cutting 
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lead  not  only  to  the  possibility  of  unintentional  injury  to  important- 
structures,  but  also  to  devitalization,  and  therefore  to  slow  healing  of 
the  tissues.  For  the  same  reason  no  rough  pulling,  tearing,  or  bruising 
is  permissible.  Care  must  be  taken  that  the  wound  shall  not  become 
funnel-shaped,  but  that  the  different  layers  are  divided  to  the  same 
length,  and  that  its  direction  generally  follows  the  natural  lines  of  the 
part,  which  usually  also  correspond  to  the  lines  of  stress  (Figs.  18  and 
19).  By  this  precaution  unnecessary  broadening  of  the  scar  is  avoided, 
and  the  healed  incision  becomes  almost  indistinguishable  from  one  of 
the  normal  folds.  Care  in  the  arrangement  of  the  incision  is  esjoecially 
necessary,  of  course,  in  operations  on  the  face  and  neck. 

For  the  prevention  of  infection  of  the  woimd  by  the  micro-organisms 
of  the  skin,  its  edges  should  be  shut  off  from  the  surrounding  tissues 
by  clipping  layers  of  gauze  or  similar  material  to  the  raw  surfaces. 

With  regard  to  the  treatment  of  the  woimd  dm-ing  operation,  it 
is  our  custom  to  keep  it  dry,  and  to  use  only  dry  sterilized  swabs  ; 
towards  the  end  of  a  long  operation  involving  much  handling  and 
undue  drying  of  the  tissues  it  is  advisable  to  use  a  normal  sahne  lotion 
before  closing  the  wound.  This,  if  hot,  has  the  additional  advantage 
of  helping  to  stop  oozing. 

METHODS  OF  COAPTATION 

Careful  coaptation  of  the  edges  of  a  wound  promotes  rapid 
healing  with  the  least  possible  amoimt  of  scarring.  Care  should 
be  taken,  on  the  one  hand,  that  the  edges  lie  evenly  in  apposition, 
and  on  the  other,  that  the  stitches  be  not  tied  so  tight  as  to  cause 
necrosis  of  the  tissues  in  their  bite. 

Coaptation  may  be  secured  by  sutures,  metal  clips,  collodion 
dressings,  strapping,  or  other  methods.  Of  these,  the  one  most 
commonly  in  use  is  that  of  suturing,  the  materials  used  being  silk- 
worm gut,  catgut,  silk,  horsehair,  and  silver  or  other  wire.  If  the 
suture  be  passed  through  the  skin,  and  therefore  removable,  it  is  not 
necessary  that  non-absorbable  material  be  used.  Hence,  silkworm- 
gut  and  horsehair  form  very  suitable  materials  for  this  purpose,  as 
they  are  strong,  capable  of  withstanding  boiling,  and  do  not  lend 
themselves  to  permeation  by  microbe-laden  fluids  as  in  the  case  of 
silk  and  other  threads. 

Sutures  may  be  divided  into  the  superficial,  the  deep,  which 
penetrate  the  superficial  and  deep  parts,  and  the  buried,  which  coapt 
the  deep  parts  of  the  wound  and  do  not  appear  on  the  skin  at  all. 

The  buried  suture  should,  if  possible,  consist  of  absorbable  material, 
especially  if  the  wound  be  possibly  infected.  One  variety  of  the 
buried  suture,  namely,  the  subcuticular  or  endermal,  is  of  siDecial 
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Fig.  18. — Incisions  determined  by  lines  of  stress,  as  shown  in 
Langer's  figures. 

(Pr07H  Koche>'s     OpcrationslcJirc"  jgoy  edition.) 


LINES  OF  STRESS 


Fig.  19. — Incisions  determined  by  lines  of  stress,  as  shown  in 
Langer's  figures. 

Fi-oin  Kochcy's     Operationslehrc,"  igoy  edition.) 
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value  in  situations  sucli  as  the  face,  where  the  minimum  of  scarring 
is  desirable.  This  stitch,  by  avoiding  needle-marks  through  the  skin, 
does  away  with  the  most  unsightly  part  of  the  scar  of  a  wound  which 
has  healed  by  first  intention.  The  method  of  applying  the  suture 
will  be  readily  understood  from  Fig.  20. 

The  suture  may  be  entirely  endermal,  in  which  case  the  material  is 
left  to  be  absorbed,  or  the  ends  may  be  brought  out  through  the 


Fig.  20. — Subcuticular  suture. 


extremities  of  the  wound,  so  that  removal  is  easily  accomplished  by 
cutting  off  the  ends  and  gently  pulling  the  thread  through. 

An  interrupted  suture  is  one  in  which  each  stitch  is  tied  off  separately. 
It  may  consist  of  a  simple  loop,  as  in  the  simple  interrupted  (Fig.  21), 
or  of  a  double  loop,  as  in  Halsted's  mattress-suture  (Fig.  22),  or 
Macewen's  sliding-stitch  (Fig.  23).  If  there  be  tension  in  the  wound, 
and  therefore  the  possibility  of  the  stitch  cutting  through,  protection 
may  be  afforded  by  tying  the  ends  over  beads,  glass  rods,  rubber 
tubing,  or  buttons.  If  the  tension  be  great,  its  pull  may  be  spread 
over  a  wider  area  by  the  use  of  tension  stitches  (relaxation  sutures), 
which  are  placed  at  a  greater  distance  from  the  edges  of  the  wound 
than  the  ordinary  stitches  of  coaptation  (Fig.  24). 

A  continuous  suture  is  one  in  which  the  thread  is  carried  on  imbroken 
from  end  to  end.  Some  of  the  many  varieties  are  sufficiently  illustrated 
in  the  accompanying  diagrams.  The  commonest  are  the  simple  con- 
tinuous (Fig.  25) ;  the  blanket  suture  (Fig.  26),  in  which  each  layer 
forms  a  half-liitch  with  the  one  before,  and  the  needle  passes  through 
the  tissues  from  the  surgeon's  right  hand  to  his  left,  except  at  the 
last  stitch,  which  is  from  his  left  to  his  right ;  the  crossed  con- 
tinuous suture  introduced  by  two  needles,  sometimes  used  for  the 
rapid  coaptation  of  edges,  as  in  the  Thelwall-Thomas  operation  for 
haemorrhoids  (Fig.  27)  ;  and  the  Cusliing  right-angle  stitch,  which 
is  practically  a  continuous  mattress-suture  (Fig.  28). 

A  sub-variety  of  the  stitches  of  coaptation  comprises  the  stitches 
of  invagination,  such  as  the  purse-string  (Fig.  29),  the  Lembert  (Fig.  30), 
and  others  used  in  intestinal,  urinary,  and  vascular  surgery.  For 
further  information  the  reader  must  be  referred  to  text-books  on 
Operative  Surgery. 

Metal  clamps.— A  valuable  method  of  skin  coaptation  is  afforded 
by  Michel's  and  similar  metal  clamps  (Fig.  31).    They  can  be  boiled 
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Fig.  25. — Simple  continuous  suture. 
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Fig.  30. — Lembert's  invaginating  suture. 


MICHEL'S  CLAMPS 


273 


without  detriment,  and,  being  purely  cuticular  in  their  application, 
they  do  not  form  a  track  from  the  surface  to  the  deeper  layers  of 
the  woimd  ;  while,  if  removed  sufficiently  early,  they  leave  none  of 


I,  Nibbed  forceps  to  which  is  attaclicd  the  spring  clip  ;  2,  spring  cHp  for  holding 
clamps  ready  for  use  ;  3,  clamps  ;  4  and  5,  forceps  with  broad  groove  at 
points,  in  which  is  held  the  clamp.  The  clamp  is  applied  by  sharply 
flexing  it  by  pressing  blades  of  forceps  together  ;  6,  a  clamp  l:)efore  flexation. 


the  suture  marks  which  are  the  chief  cause  of  unsightliness  in  the 
ordinary  scar.  It  is  necessary  to  warn  the  surgeon  that  unless  he 
remove  the  clamps  by  the  fiftli  or  sixth  day  he  will  be  confronted 
with  small  pressure  ulcers  which  may  leave  scars  as  unsightly  as 
stitch  marks. 
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MILITARY  SURGERY 


By  G.  G.  spencer,  R.A.M.G.,  F.R.G.S. 

Military  surgery  may  be  considered,  for  all  practical  purposes,  as 
the  surgery  of  gunshot  wounds.  In  modern  warfare  injuries  from 
"  cold  steel "  form  an  insignificant  proportion  of  the  wounds  met 
with,  not  more  than  1  or  2  per  cent.,  and  this  proportion  is  likely  to 
be  exceeded  only  in  fighting  against  savage  tribes  who  charge  home 
with  spear  or  sword.  Sword  cuts  may  be  very  extensive  ;  if  from 
the  cavalry  sabre,  they  are  much  contused,  and  bones  may  be  broken, 
or  the  skull  fractured  and  depressed,  whilst,  with  the  razor- edged 
Indian  or  Afghan  weapon,  limbs  may  be  severed,  or  the  skull 
cleanly  cleft.  Punctured  wounds  from  sword,  lance,  or  bayonet 
thrusts  are  more  serious  ;  the  chest  or  abdomen  may  be  penetrated, 
deeply  placed  vessels  and  nerves  injured,  and,  as  the  wound  is 
practically  always  septic,  deep  suppuration  is  very  likely  to  follow. 
Penetrating  wounds  of  the  chest  or  abdomen  from  bayonets  are  more 
dangerous  than  those  from  rifle  bullets,  owing  to  their  lacerated 
nature  and  to  sepsis.  Their  treatment  will  be  considered  with  that 
of  gunshot  wounds  of  those  regions. 

In  the  treatment  of  incised  and  punctured  wounds  generally  the 
chief  point  is  to  ensure  good  drainage,  the  wound  being  enlarged  or 
counter-openings  made  if  necessary  ;  in  suturing  an  incised  wound 
openings  for  drainage  should  be  left.  Divided  nerves,  tendons,  and 
muscles  must  be  repaired  and  bleeding  vessels  tied,  and,  as  the  wound 
is  very  likely  to  suppurate,  catgut  or  other  absorbable  material  should 
be  used. 

About  80  to  90  per  cent,  of  the  wounds  in  recent  wars  have  been 
due  to  rifle  fire.  The  modern  military  rifle  has  a  calibre  of 
6-5  to  8  mm.  (0-2.'3(i  to  0-315  in.),  and  its  bullet  consists  of  an  outer 
envelope  or  mantle  of  hard  metal  filled  with  lead.  The  bullet 
leaves  the  muzzle  at  a  velocity  of  from  2,000  to  nearly  3,000  feet 
per  second,  it  rotates  very  rapidly  on  its  long  axis,  and  its  effective 
range  is  nearly  a  mile  and  a  half.  The  latest  form  of  bullet,  known 
as  the  "  S  "  bullet  or  Spitzgeschoss,  has  a  very  sharp  point,  is  reduced 
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in  weight,  and  has  a  much  liiglier  initial  velocity  than  tlie  older 
pattern.    It  is  too  early  yet  to  speak  of  its  use  in  war. 

Artillery  projectiles  account  for  about  10  to  20  per  cent, 
of  the  wounded,  more  than  half  of  these  being  struck  by  shrapnel 
bullets,  the  remainder  by  pieces  of  shell  or  stones  j^ropelled  by  the 
bursting  of  shells.  Common  shell  are  hollow  projectiles  containing 
a  bursting  charge,  by  the  explosion  of  which  fragments  of  the  case, 
of  very  irregular  size  and  shape,  are  driven  in  all  directions.  iShrapnel 
shell  are  hollow  ^projectiles  containing  a  large  number  of  round  bullets 
and  a  small  bursting  charge.  They  are  intended  to  burst  just  before 
reaching  the  enemy,  so  that  the  contained  bullets  may  scatter  and 
inflict  mucli  Idss. 

Hand  grenades,  small  liombs  thrown  by  hand  at  distances 
of  50  or  (iO  yards,  were  used  in  the  war  in  Manchuria. 

The  amount  of  injury  done  by  a  projectile  on  striking 
depends  chiefly  on  its  energy  and  the  resistance  with  which  it  meets. 
The  energy  of  a  moving  body  is  proportional  to  the  scjuare  of  its 
velocity,  and.  as  a  projectile  loses  velocity  very  rapidly  owing  to  the 
resistance  of  the  air,  its  energy  is  great  at  short  ranges  and  compara- 
tively small  at  longer  ranges.  For  example,  the  striking  energy  of 
the  Lee-Enfield  bullet  is  2,025  foot-pounds  as  it  leaves  the  muzzle  of 
the  rifle,  at  300  yards  from  the  muzzle  it  is  little  more  than  half  this, 
at  700  yards  about  one-fourth,  while  at  1,500  yards  less  than  one-eighth 
of  the  original  energy  remains.  But  though  at  short  ranges  a  bullet 
may  have  an  immense  amount  of  energy  and  be  capable  of  doing  a 
great  deal  of  damage,  the  amount  of  damage  it  actually  does  depends 
mainly  on  the  resistance  of  the  part  struck.  Thus,  even  at  a  very 
short  range,  a  bullet  striking  soft  parts  only  may  cause  a  trivial  injury  ; 
while  the  same  bullet  striking  the  shaft  of  a  bone  would  produce  very 
serious  results,  the  bone  being  extensively  smashed,  and  the  soft  parts 
lacerated  by  pieces  of  bone  driven  through  them  by  the  impact  of  the 
bullet.  At  longer  ranges  the  lessened  energy  of  the  projectile  causes 
wounds  to  be  much  less  severe.  The  size  of  the  projectile  also  influences 
the  injury  it  produces,  and  bullets  that  become  deformed  or  "  set  up  " 
on  striking  cut  a  larger  track  and  inflict  a  severer  wound.  Expanding 
bullets  are  not  now  used  in  war,  though  they  are  not  more  destructive 
than  the  large  leaden  bullets  of  older  rifles,  to  which  no  humanitarian 
objections  were  made. 

Flesh  wounds  from  rifle  bullets  usually  have  a  cleanly  punched 
entrance  aperture  slightly  smaller  than  the  diameter  of  the  bullet. 
The  exit  aperture  is  very  often  exactly  like  the  entrance,  but  it  tends 
to  be  more  irregular,  and  at  long  ranges  the  skin  at  the  exit  may  be 
split  instead  of  perforated.  Either  entrance  or  exit  may  be  oval  if 
the  bullet's  course  makes  an  acute  angle  with  the  surface.    The  track 
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of  the  bullet  is  narrow,  and  when  the  part  is  placed  in  the  exact 
position  it  Avas  in  at  the  moment  of  receipt  of  the  wound,  a  straight 
line  from  the  entrance  to  the  exit  indicates  the  bullet's  course.  This 
is  important  in  diagnosis.  Multiple  wounds  from  a  single  bullet  are 
very  common,  the  bullet  traversing  both  legs,  or  the  arm  and  chest,  and 
so  on.  Rifle  bullets  seldom  lodge  in  the  body,  except  at  long  ranges 
or  when  arrested  by  striking  bone.  They  comparatively  seldom  carry 
portions  of  the  clothing  into  the  wound,  and  loose-textured  woollen 
material  is  more  likely  to  be  carried  in  than  cotton  or  linen.  The 
importance  of  this  with  regard  to  sepsis  is  obvious.  Bullets  that 
strike  sideways  or  base  foremost,  or  that  have  struck  the  ground  and 
become  deformed,  make  larger  M'ounds,  and  are  more  likely  to  lodge 
and  to  carry  in  fragments  of  clothing.  The  bullets  of  old-pattern 
rifles,  such  as  the  Martini  or  the  Snider,  cause  wounds  very  similar 
to  those  from  small-bore  bullets,  but  larger  and  with  a  greater  tendency 
to  laceration  and  irregularity  of  form.  They  may  be  met  with  in 
wars  Avith  semi-civilized  nations. 

Shrapnel  bullets  are  spherical,  and  produce  larger  and  less  regular 
wounds  than  rifle  bullets.  They  often  lodge,  and  are  very  hkely  to 
carry  in  pieces  of  clothing.  Fragments  of  shell  inflict  irregular  and 
lacerated  wounds  of  all  sizes,  with  much  contusion  and  subsequent 
sloughing.  Both  shell  and  shrapnel  wounds  are  usually  septic. 
Wounds  from  large  projectiles,  such  as  unexploded  shells,  are  rare. 
They  may  be  very  severe,  and  are  quite  irregular  in  form  and  size. 
Fragments  of  hand  grenades  cause  lacerated  wounds  like  those  from 
pieces  of  shell,  and  very  severe  injuries  may  also  occur  from  the 
bursting  of  these  weapons  close  to  the  body.  Yellow  staining  of 
the  skin  is  seen  in  these  cases,  also  in  injuries  from  the  explosion  of 
shells  containing  lyddite. 

Pain  in  gunshot  wounds  depends  chiefly  on  the  region 
wounded  and  the  severity  of  the  injury.  It  is  well  known  that  in 
the  heat  of  battle  even  serious  injuries  may  be  received  without  any 
pain  being  felt  at  the  time.  The  most  painful  wounds  are  those  of 
the  spinal  cord  and  nerves,  fractures,  and  wounds  with  much  laceration 
of  the  skin. 

Shock  is  also  dependent  on  the  situation  and  extent  of  the 
injury.  It  is  worst  in  wounds  of  the  head,  spine,  or  abdomen,  and 
in  bad  fractures. 

Local  shock  is  a  condition  peculiar  to  gunshot  wounds.  It 
is  caused  by  the  vibrations  set  up  by  the  impact  of  the  bullet  producing 
temporary  loss  of  function  in  the  nerve-endings  in  the  immediate 
neighbourhood  of  the  wound,  with  numbness  and  anaesthesia  of  the 
skin  and  paresis  of  the  muscles.  It  is  most  marked  round  the  entrance 
wound,  and  in  wounds  at  short  ranges.    Where  there  is  much  local 
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shock  the  resistance  of  the  tissues  to  infection  appears  to  be 
diminished. 

Most  buhet  wounds  may  be  regarded  as  primarily  aseptic,  and 
the  great  object  of  treatment  is  to  prevent  infection  ;  if  the  external 
wounds  are  small,  as  in  flesh  wounds,  this  usually  presents  little 
difficulty.  The  wounds  most  liable  to  become  septic  are  those  witlv 
large  skin  apertures  and  much  laceration  of  the  tissues,  as  in  a  fracture 
with  much  comminution  and  a  large  exit  wound.  A  wound  may  be 
infected  from  the  bullet  having  passed  through  or  opened  up  some 
portion  of  the  alimentary  canal.  General  infective  diseases  are  rare, 
though  erysipelas  and  tetanus  are  occasionally  met  with,  liut  pyaemia 
and  hospital  gangrene  are  fortunately  extinct. 

The  treatment  of  wounds  in  war  is  carried  out  under 
peculiar  difficulties.  Large  numbers  of  wounded  are  suddenly  thrown 
upon  the  hands  of  the  medical  staff,  and  these  must  be  collected, 
treated,  and  removed  from  the  scene  of  active  operations  as  rapidly 
as  possible.  To  free  the  fighting  troops  from  the  encumbrance  of 
sick  and  wounded  men  is  quite  as  important  as  to  succour  the  wounded 
themselves.  The  end  and  aim  of  war  is  to  defeat  the  enemy,  and.  to 
attain  this,  not  only  must  a  general  be  jjrepared  to  lose  men.  but  a 
surgeon  may  be  compelled,  however  unwillingly,  to  subordinate  the 
interests  of  the  wounded  to  military  exigencies,  and  must  do  the  best 
he  can  in  the  circumstances. 

On  the  battle-field  only  first  aid  can  be  given,  and  it  must  often 
be  some  time  before  a  wounded  man  receives  any  treatment  at  all. 
The  first  field  dressing  must  be  applied,  care  being  taken  not  to  con- 
taminate the  wound  in  removing  the  clothing,  and  not  to  attempt  to 
wipe  away  blood,  which  would  mean  rubbing  in  dirt  from  the  skin. 
The  first  field  dressing  is  a  small  packet  containing  an  antiseptic  pad 
and  bandage,  protected  by  a  waterproof  covering.  Every  soldier 
carries  one  on  service.  A  tourniquet  for  the  arrest  of  lia-morrhage 
is  very  seldom  required.  The  wounded  part  must  be  immobilized, 
particularly  if  there  is  a  fracture.  In  all  but  the  slighter  injuries 
morphine  is  needed,  and  as  soon  as  possible  hot  fluid  food  should  be 
given.  It  is  assumed,  of  course,  that  the  administration  of  either  of 
these  is  not  contra-indicated  by  tlie  nature  of  the  wound. 

In  the  Field  Ambulance,  which  is  a  mobile  hospital  that  accom- 
panies the  troops  and  affords  a  temporary  resting-place  for  the  wounded 
on  their  Avay  to  the  base,  many  of  the  slighter  wounds  need  no  further 
attention  ;  the  first  dressing  may  be  left  undisturbed.  More  severe 
injuries  require  re-dressing,  the  skin  round  each  wound  being  washed, 
shaved  if  necessary,  and  a  dressing  applied  large  enough  to  last 
during  the  patient's  journe}"  to  the  liase.  This  must  be  so  fixed  that 
it  will  not  shift.    The  Avounds  must  be  protected  from  any  strong 
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antiseptics  used  for  the  skin.  No  examination  of  a  wound  by  probing 
is  permissible.  No  operation  should  be  done  in  the  Field  Ambulance 
that  can  possibly  be  postponed  with  safety  to  the  patient.  The 
conditions  for  surgical  work  are  most  unsatisfactory ;  surgical  clean- 
liness is  extremely  difficult  to  attain,  even  water  may  be  scarce  and 
bad,  and  fuel  for  boiling  it  scanty,  and  in  a  mobile  unit  both  personnel 
and  equipment  must  be  limited.  To  these  difficulties  must  be  added 
the  great  pressure  of  work,  often  involving  twenty-four  hours  or  more 
of  continuovis  labour  after  a  battle,  and  the  necessity  for  sending 
every  patient  away  towards  the  base  within  a  day  or  two  at  longest. 
The  inadvisability  of  operating  in  the  field  ambulance  is  therefore 
evident.    Fractures  must  be  immobilized  for  transport. 

In  the  larger  semi-permanent  hospitals  on  the  line  of  communi- 
cations or  at  the  base,  none  of  the  difficulties  of  work  in  the  field  have 
to  be  contended  with  ;  suitable  food  is  obtainable,  nurses  can  be 
employed.  X-rays  and  all  other  conveniences  for  surgical  work  are 
available,  and  treatment  can  be  carried  out  as  in  any  ordinary  hospital. 

Bullets  that  have  lodged  in  the  body  should  not  be  interfered  with 
unless  there  is  some  definite  indication  for  removing  them,  such  as  pain 
from  pressure  on  a  nerve,  interference  with  the  movement  of  a  limb, 
or  a  sinus  leading  to  the  lodged  bullet.  They  have  often  been  removed 
unnecessarily.  X-rays  have  superseded  all  other  methods  for  their 
diagnosis  and  localization,  and  if  a  lodged  bullet  must  be  removed  it 
should  be  cut  down  on  by  the  nearest  route,  as  it  is  very  seldom  possible 
to  extract  it  through  the  wound  of  entry. 

Wounds  of  blood-vessels  from  rifle  bullets  are  clean-cut 
notches  or  perforations  with  loss  of  substance,  and  large  vessels  are 
often  only  partly  divided.  External  hsemorrhage  is  seldom  copious 
unless  the  bullet  track  is  of  large  diameter,  or  the  wounded  vessel  is 
fairly  near  the  surface,  as  blood  does  not  easily  find  its  way  along 
the  usual  narrow  track,  which  is  readily  blocked  by  a  slight  alteration 
in  the  position  of  the  part,  or  by  clot.  Interstitial  hsemorrhage  is 
common,  the  blood  distending  the  surrounding  tissues  and  forming 
a  hsematoma,  the  so-called  "  diffuse  traumatic  aneurysm."  Shrapnel 
bullets,  pieces  of  shell,  and  fragments  of  bone  produce  lacerated 
wounds  of  vessels,  commonly  dividing  them  completely.  An  artery 
grazed  by  a  bullet  may  give  way  later  from  necrosis  of  its  wall, 
especially  in  a  septic  wound. 

The  treatment  of  primary  and  recurrent  haemorrhage  follows  the 
crdinary  well-known  rules.  Points  to  be  emphasized  are  the  import- 
ance of  securing  a  wounded  artery  at  the  injured  spot  and  resisting 
the  temptation  to  tie  the  main  vessel  above  the  wound  ;  the  danger 
of  leaving  a  tourniquet  on.  or  overlooking  its  presence  ;  and  the  fact 
that  plugging  a  wound  for  hsemorrhage  is  almost  certain  to  result 
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in  infection  and  should  be  avoided  if  possible.  The  nature  of  the 
wound  in  the  artery  renders  suture  of  its  wall  impracticable.  Opera- 
tions for  haemorrhage  are  not  often  necessary,  but  are  urgent,  and 
may  have  to  be  done  in  the  Field  Ambulance. 

Interstitial  haemorrhage  requires  treatment  on  the  same  lines  as 
external  haemorrhage.  If  the  swelling  is  not  very  tense  and  has  ceased 
to  enlarge,  it  may  be  left  alone  ;  but  if  bleeding  is  continuing,  or  there 
is  much  tension,  the  haematoma  must  be  laid  open,  emptied,  and  the 
wounded  vessel  tied  on  both  sides  of  the  wound.  If  for  any  reason 
proximal  ligature  of  the  main  aitery  is  preferred,  it  is  still  necessary 
to  incise  and  empty  the  haematoma  to  relieve  tension. 

Secondary  haemorrhage,  which  is  rarely  seen  in  civil  practice 
nowadays,  is  to  be  feared  in  septic  gunshot  wounds.  It  requires 
immediate  operation  to  secure  the  bleeding  vessel  in  the  wound. 
Failing  this,  proximal  ligature  may  be  tried,  and,  should  the  bleeding 
recur  or  gangrene  set  in,  nothing  remains  but  amputation.  Gangrene 
after  proximal  ligature  is  more  likely  to  occur  in  the  lower  limb. 

Circumscribed  traumatic  aneurysms  form  when  the  escape  of 
blood  from  a  wounded  artery  is  limited  by  the  resistance  of  the  sur- 
rounding tissues,  wliich  form  a  false  sac.  They  present  the  usual 
signs  and  symptoms  of  aneurysm,  and  require  the  same  treatment. 
Under  the  influence  of  prolonged  rest  they  may  occasionally  undergo 
spontaneous  cure. 

Arterio-venous  communications  are  not  uncommon  from  simul- 
taneous wounding  of  an  artery  and  a  vein.  The  symptoms  common 
to  both  forms  are  a  well-marked  thrill  and  a  loud  buzzing  murmur, 
which  may  even  be  audible  at  a  short  distance  from  the  patient  in 
some  cases.  In  a  varicose  aneurysm  there  is,  in  addition,  a  sac  with 
expansile  pulsation.  There  is  little  or  no  impairment  of  the  local 
circulation,  but  the  pulse-rate  is  permanently  accelerated.  Prolonged 
rest  is  the  treatment  at  first ;  aneurysmal  varix  requires  no  inter- 
ference, as  a  rule ;  varicose  aneurysm  tends  to  progress  towards 
rupture  and  must  be  dealt  with.  Direct  ligature  of  the  artery  above 
and  below  the  sac  should  be  done  whenever  possible,  and  interference 
with  the  vein  is  to  be  avoided.  In  the  smaller  vessels  of  the  calf  or 
forearm  it  may  be  simpler  to  lay  open  the  sac  and  then  secure  the 
artery.  Repair  of  the  artery  by  suture  is  sometimes  possible. 
Proximal  ligature  for  varicose  aneurysm  involves  great  risk  of 
gangrene,  and  does  not  cure  the  condition,  but  merely  converts  a 
varicose  aneurysm  into  an  aneurysmal  varix.  It  is  to  be  avoided 
if  possible. 

Wounds  of  nerves  are  fairly  common.  In  addition  to  partial 
or  complete  division,  nerves  sufEer  from  a  peculiar  form  of  injury 
known  as  concussion,  which  is  seen  only  in  gunshot  wounds.  In 
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this  a  bullet  passes  close  to  a  nerve  without  touching  it  or  directly 
injuring  it,  and  the  vibrations  caused  by  the  passage  of  the  bullet 
afiect  the  nerve  fibres  in  such  a  way  as  to  suspend  their  conductivity 
for  a  longer  or  shorter  time,  depending  on  the  severity  of  the  con- 
cussion. In  the  most  severe  cases  the  nerve  fibres  degenerate,  and  until 
they  have  regenerated  no  recovery  of  function  can  take  place.  For 
the  production  of  such  severe  efiects  the  bullet  must  have  a  very  high 
velocity ;  hence  they  are  seen  only  in  wounds  at  comparatively  short 
ranges.  In  the  slighter  degrees  of  concussion  recovery  begins  early. 
It  is  often  difficult  or  impossible  to  distinguish  clinically  between 
severe  concussion  and  division  of  a  nerve,  and,  as  a  divided  nerve 
must  be  sutured  while  one  that  is  merely  suffering  from  concussion 
will  recover  completely  without  operation,  the  question  is  of  con- 
siderable practical  importance.  If  the  wound  has  been  received  at 
a  long  range,  or  from  a  spent  bullet,  the  probabilities  are  against  the 
symptoms  being  due  to  concussion.  In  cases  of  doubt  it  is  better  to 
wait  before  exploring,  and  if  after  a  month  or  six  weeks  there  is  no 
improvement  the  nerve  should  be  exposed,  and  sutured  if  found  to 
have  been  divided.  Suppuration  in  the  bullet  wound  renders  any 
attempt  at  nerve  suture  useless  until  the  wound  has  healed.  In 
all  cases  of  nerve  injury  the  nutrition  of  the  paralysed  muscles  must 
be  kept  up  by  massage  and  electrical  stimulation  until  recovery  is 
complete,  and  care  must  be  taken  to  prevent  shortening  of  the 
unopposed  muscles  and  stiffness  of  joints. 

Traumatic  neuritis,  or  pressure  on  a  nerve  by  scar  tissue  or  callus, 
or  a  foreign  body,  may  require  operation. 

Fractures  of  the  long  bones  are  very  common  and  often  severe. 
At  short  ranges  rifle  bullets  ^^ro^uce  very  extensive  comminution, 
sometimes  reducing  some  inches  of  the  bone  to  small  fragments. 
These  are  driven  into  the  muscles  by  the  communicated  energy  of 
the  bullet  and  act  as  secondary  missiles,  often  doing  more  damage 
to  the  soft  parts  than  the  bullet  itself.  Some  of  the  fragments  are 
carried  out  through  the  exit  wound,  enlarging  it,  and  in  this  way 
large  lacerated  exit  wounds  are  produced  when  the  velocity  of  the 
bullet  is  very  great  and  the  bone  is  near  the  surface.  From  their 
appearance  these  are  commonly  called  "  explosive "  exit  wounds 
(Fig.  32).  A  bullet  striking  bone  at  a  short  range  is  often  broken  up, 
the  mantle  being  torn  and  the  lead  flattened  out  or  broken  into  small 
pieces  which  lodge  in  the  part  (Plate  29,  Fig.  1).  Although  the 
shaft  of  a  bone  may  be  extensively  fissured,  the  fissures  seldom  run 
into  the  joints,  except  in  fractures  from  large  missiles  which  have 
a  greater  wedge  action  than  the  small-bore  bullet.  As  the  range 
increases,  the  severity  of  the  damage  to  bone  decreases,  the  amount 
of  comminution  is  less,  the  fragments  are  fewer,  larger,  and  are  not 


Wedge  fracture  of  the  tibia. 


{From  the  author's     Guns/tot  ll^outtds.'') 

Plate  30. 
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displaced  to  so  great  an  extent,  and  the  exit  wound  is  not  so  large 
and  lacerated.  The  stellate  or  "  butterfly  "  form  of  fracture  may  be 
seen  when  a  bullet  at  moderate  velocity  strikes  a  l)oue  centrally,  four 
main  fissures  radiating  to  the  surface  and  splitting  off  a  wedge-shaped 
piece  on  each  side,  the  ends  of  the  main  fragments  being  pointed 
(Plate  29,  Figs.  2  and  3).  If  a  l)one  is  struck  tangentially  two  fissures 
may  pass  from  the  point  struck  to  the  opposite  side,  producing  a  wedge 
fracture  (Plate  30).  Even  at  short  ranges  the  shaft  of  a  bone  may  be 
cleanly  perforated  by  a  bullet,  but  this  is  exceptional.  Oblique  and 
spiral  fractures  are  also  rare.    The  short  and  flat  bones,  and  the 


Fig.  32. — Explosive  exit  wound  on  the  inner  side  of  the  foot. 

(l-'ivrii  a  pliotograph  by  Ca/>t.  Prcsci'tt.  K.A.M.C,  rcprodllCL\i  ill  the  author's     Clllishot  U'cJumis.  '  ' 

articular  ends  of  long  bones,  are  usually  perforated  by  the  small-ljore 
bullet,  and  broken  up  by  larger  bullets,  Init  they  may  be  comminuted 
by  the  small-bore  bullet  at  short  ranges. 

In  the  treatment  of  gunshot  fractures  the  prevention  of  infection 
is  of  the  greatest  importance.  Unfortunately  it  is  in  badly  com- 
minuted fractures  with  large  or  explosive  exit  wounds  that  infection 
is  most  difficult  to  prevent.  On  the  field  the  first  field  dressing  must  be 
applied,  and  the  limb  fixed  by  temporary  or  improvised  splints.  At 
the  Field  Ambulance  the  skin  must  be  cleansed  and  the  fracture 
immobilized  for  the  patient's  journey  to  the  base.  For  this  the 
aluminium  field  splint  devised  by  Sir  Frederick  Treves  serves  ad- 
mirably, except  for  fractures  of  the  femur,  for  which  a  long  splint 
with  a  perineal  band  must  be  used  and  ^he  patient  kept  on  the  same 
stretcher  till  he  reaches  his  destination.    Wooden  or  cardboard  sjjlints 
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may  also  be  used,  \vitli  starched  or  plaster  bandages;  Tight  appli- 
cation of  splints  or  bandages  is  to  be  avoided,  especially  in  the  upper 
limb.  In  the  fixed  hospitals  the  usual  treatment  of  compound 
fractures  is  to  be  carried  out.  For  fractures  of  the  femur  Hodgen's 
splint  is  decidedly  the  best.  In  cases  that  remain  aseptic,  union  is 
slow  and  the  amount  of  callus  large.  Septic  gunshot  fractures  require 
operation  for  the  removal  of  all  small  and  completely  detached  frag- 
ments, which  will  necrose  if  left  and  seriously  retard  recovery.  Free 
drainage  is  also  essential.  Aseptic  gunshot  fractures  do  not  require 
any  operative  fixation  of  the  fragments  by  screwing  or  wiring,  unless 
union  should  fail.  Amputation  is  comparatively  seldom  necessary, 
and  only  when  it  is  obviously  impossible  to  save  the  limb,  as  in 
extensive  shell  injuries.  Amputation  may  be  required  in  suppurating 
cases  if  the  jjatient  is  in  danger  from  septic  absorption. 

Wounds  of  joints  from  rifle  bullets  at  medium  or  long  ranges 
are  generally  clean  perforations,  and,  as  the  skin  apertures  are  small, 
infection  can  usually  be  prevented  and  recovery  with  good  movement 
is  the  rule.  At  short  ranges  the  ends  of  the  bones  are  often  com- 
minuted. As  a  rule,  large  bullets  and  pieces  of  shell  break  up  the 
articular  ends  and  make  large  external  wounds,  infection  of  wliich 
is  very  likely  to  occur.  In  small  and  complex  joints,  such  as  the 
elbow  or  ankle,  comminution  of  the  bones  may  be  caused  by  rifle 
bullets  at  any  range.  A  bullet  may  pierce  the  capsule  of  a  joint 
without  touching  bone,  but  this  is  rare  except  in  the  knee.  Some- 
times serous  effusion  is  seen  in  an  unwounded  joint  as  the  result  of 
a  bullet  wound  of  the  limb  in  the  neighbourhood  of  the  joint.  This 
is  the  result  of  vibratory  concussion,  and  is  well  marked  in  the  knee 
with  fractures  of  the  femur.  The  most  constant  symptom  of  wound 
of  a  joint  is  hsemarthrosis  ;  the  blood  becomes  absorbed  rather  slowly. 
Escape  of  synovial  fluid  is  not  likely  to  occur  unless  the  external 
wounds  are  large. 

The  treatment  of  wounded  joints  consists  of  aseptic  occlusion  of 
the  external  wounds  and  fixation  of  the  joint.  As  soon  as  the  external 
wounds  have  healed,  massage  and  movement  should  be  begun  and 
persevered  with.  Aspiration  may  be  done  if  absorption  of  the  blood 
in  the  joint  is  very  slow,  but  not  before  the  woimds  have  healed,  as 
there  is  a  possibility  of  aspirating  infective  material  into  the  joint 
through  the  wounds.  Septic  arthritis  following  a  wound  requires 
early  and  free  incisions  and  free  drainage,  but  in  many  cases  the  limb 
will  have  to  be  sacrificed  ;  if  it  is  saved,  a  stiff  joint  is  to  be  expected, 
though  exceptionally  movement  is  regained.  In  septic  wounds  with 
comminution  all  loose  fragments  of  bone  should  be  removed.  Excision 
of  a  wounded  joint  is  seldom  necessary,  except  to  restore  movement 
in  an  ankylosed  joint  after  the  original  wound  has  healed.  Bullets 
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that  have  lodged  in  or  near  joints  must  be  removed  if  they  interfere 
in  any  way  with  movement. 

Wounds  of  the  head  are  often  fatal,  and  the  after-efiects  in 
cases  that  recover  are  frequently  serious;  Scalp  wounds  are  of  little 
importance,  but  must  be  very  carefully  examined  to  make  sure  that 
there  is  no  injury  to  the  underlying  bone.  Depressed  fractures  without 
penetration  of  the  skull  are  rare,  and  are  caused  only  by  large  or 
irregular  pieces  of  shell,  or  occasionally  by  spent  bullets.  Rifle 
bullets  striking  the  skull  tangentially  produce  "  gutter  fractures," 
in  which  the  bullet  does  not  enter  the  cranial  cavity  but  grooves  the 
surface  of  the  skull,  the  floor  of  the  groove  being  broken  up,  the  dura 
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Fig.  3,5. — Diagrammatic  section  of  (ti)  superficial  and  (/')  deep 
perforating  fracture  of  the  skull. 

i^FrOTil  the  author  s     (riinshot  ll'onnits.  ') 

mater  torn,  and  fragments  of  bone  driven  into  the  brain.  Considerable 
permanent  damage  to  the  motor  area  of  the  cortex  may  result  from 
injuries  of  this  kind.  Bullets  that  perforate  the  cranium  may  pass 
through  it  either  superficially  or  deeply  (Fig.  33).  Superficial  perfora- 
tions cause  more  damage  to  the  cortex  ;  deep  perforations  are  more 
dangerous,  particularly  if  the  base  of  the  brain  is  traversed.  In  all 
perforations  small  fragments  of  bone  are  driven  into  the  brain, 
especially  at  the  entrance  wound.  They  may  be  carried  to  a  depth 
of  an  inch  and  a  half  or  two  inches.  At  short  ranges  the  skull  may 
be  extensively  fractured  round  the  exit  wound  and  the  brain  much 
disorganized,  and  at  very  short  ranges  considerable  portions  of  the 
skull  may  be  blown  away  and  the  sutures  burst  open.  Such  injuries 
are  necessarily  fatal.  Fractures  of  the  base  of  the  skull  are  due  to 
the  direct  violence  of  the  bullet,  and  consequently  do  not  follow  the 
usual  lines.  In  the  middle  or  posterior  fossa  a  fracture  of  the  base 
is  frequently  accompanied  by  fatal  injury  to  the  brain.  Lodgment 
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of  a  bullet  in  the  cranium  is  not  likely  to  occur  unless  its  energy  is 
nearly  expended. 

The  symptoms  of  gunshot  wounds  of  the  brain  are  usually  those  of 
intense  concussion,  combined  with  a  varying  degree  of  cerebral 
irritation.  Compression  is  seldom  present,  and  pressure  from  intra- 
cranial haemorrhage  is  uncommon,  as  the  bullet  wounds  allow  blood 
to  escape.  Occasionally  there  may  be  very  slight  symptoms,  especially 
in  wounds  of  the  frontal  lobes.  S3^mptoms  due  to  injury  of  the  various 
cortical  centres  are  very  often  present.  Septic  meningitis  is  a  very 
fatal,  though  not  very  common  complication.  Cerebral  abscesses 
may  occur  as  the  result  of  infection  of  the  bullet  track,  or  at  a  later 
period  from  the  irritation  of  fragments  of  bone  lodged  in  the  brain. 
Hernia  cerebri  is  sometimes  seen  in  septic  wounds.  Late  sequelae, 
such  as  traumatic  epilepsy,  persistent  headache,  tenderness  of  the 
scar,  and  the  permanent  effects  of  brain  injury,  such  as  mental 
defects,  paralyses,  and  impairment  of  sight  and  hearing,  cause  serious 
disability  in  many  cases. 

Besides  the  usual  treatment  of  any  head  injury,  and  attention  to 
the  external  wounds,  operation  is  necessary  in  every  gunshot  fracture 
of  the  cranium,  with  the  object  of  removing  all  fragments  of  bone 
from  the  brain.  Bullet  fractures  are  punctured  fractures,  and  with 
apparently  slight  external  injury  there  may  be  much  splintering  of 
the  inner  table.  After  turning  down  a  flap  and  enlarging  the  biillet 
hole  Avith  gouge  forceps,  careful  search  for  pieces  of  bone  should  be 
made  with  the  finger.  The  dura  mater  should  be  sutured,  unless  the 
wound  is  septic,  when  it  must  be  left  open  for  drainage.  It  is  seldom 
advisable  to  replace  any  portions  of  bone.  A  bullet  lodged  in  the 
skull  can  be  found  and  removed  only  in  rare  cases,  when  it  is  in  an 
easily  accessible  position.  Cerebral  abscesses  require  drainage  as  soon 
as  they  can  be  diagnosed.  As  they  are  always  in  or  near  the  bullet 
track  there  is  no  difficulty  in  finding  them. 

Wounds  of  the  orbit  are  accompanied  by  a  good  deal  of  haemor- 
rhage, and  in  many  cases  the  eye  is  destroyed.  Suppuration  is  common, 
and  the  injured  eye  must  usually  be  removed  to  allow  of  drainage. 
If  the  bullet  has  entered  the  brain  through  the  roof  of  the  orbit  the 
removal  of  fragments  by  exploration  is  necessary.  Wounds  of 
the  mastoid  region  frequently  cause  deafness  from  concussion  of  the 
internal  ear,  and  facial  paralysis  from  damage  to  the  nerve  in 
the  aqueduct  of  Fallopius.  Fractures  of  the  jaws  are  fairly  common 
injuries.  There  is  little  difficulty  in  keeping  them  in  position,  but 
loose  fragments  must  be  removed  and  the  cleanliness  of  the  mouth 
carefully  attended  to. 

Wounds  of  the  spine  are  among  the  most  fatal  of  gunshot 
injuries.    They  are  frequently  complicated  by  penetration  of  the  chest 
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or  abdomen.  The  vertebrae  are  usually  cleanly  drilled  by  rifle  bullets, 
and  there  is  no  angular  deformity  unless  a  vertebra  is  crushed  by  a 
large  bullet,  which  seldom  occurs.  Fractures  of  the  transverse  and 
spinous  processes  are  also  met  with.  Injury  to  the  spinal  cord  may 
be  direct  or  indirect.  Direct  injury  includes  laceration  and  division 
by  the  bullet,  or  by  fragments  of  bone.  Indirect  injury  is  from  the 
vibratory  concussion  that  affects  the  cord  when  a  bullet  strikes  the 
spinal  column  but  does  not  touch  the  cord  itself.  It  is  precisely  similar 
to  concussion  of  a  nerve,  and  may  be  slight  or  severe.  Slight  con- 
cussion produces  paraplegic  symptoms,  often  incomplete,  wliich  tend 
to  clear  up,  improvement  commencing  early ;  but  in  many  cases 
recovery  is  never  perfect.  Severe  concussion  destroys  the  nervous 
structures  of  tlie  cord  as  completely  as  a  gross  lesion,  degeneration 
follows,  and  no  recovery  takes  place.  In  most  instances  of  partial 
section  of  the  cord  by  a  bullet  the  undivided  portion  is  practically 
destroyed  by  concussion,  unless  the  bullet  possesses  so  little  velocity 
that  the  damage  is  confined  to  the  part  of  the  cord  actually  struck. 
Compression  of  the  cord  by  lisemorrhage,  or  by  a  displaced  piece  of 
bone  or  a  lodged  l)ullet,  is  rare.  In  all  injuries  to  the  cord  there  is 
intense  shock,  and  frequently  very  severe  girdle  pain  from  irritation 
of  the  j^osterior  roots  by  haemorrhage. 

Cases  of  complete  transverse  destruction  of  the  cord  are  hope- 
less ;  the  patients  die  within  a  few  weeks.  Partial  lesions  are  more 
hopeful,  and  the  earlier  improvement  begins,  the  more  complete  it 
is  likely  to  be.  The  usual  treatment  of  paraplegia  must  be  carried 
out,  in  addition  to  attending  to  the  wounds,  and  special  care  must 
be  taken  to  disinfect  catheters,  and  to  prevent,  if  possible,  the  formation 
of  bedsores.  Operation  is  very  seldom  advisable.  It  can  do  no  good 
except  in  cases  of  pressure  on  the  coid.  If  symptoms  of  paraplegia  are 
incomplete,  or  show  some  improvement,  and  there  is  evidence  of 
pressure  on  the  cord  by  displaced  bone  or  a  bullet  lodged  in  the  spinal 
canal,  then  laminectomy  is  indicated,  and  improvement  has  some- 
times resulted.  Skiagrams  may  be  of  assistance,  and  lodgment  of 
the  bullet  indicates  that  the  symptoms  cannot  be  due  to  concussion, 
as  a  bullet  that  lodges  must  be  nearly  spent.  Very  severe  pain  from 
haemorrhage  pressing  on  the  nerve  roots  has  also  been  considered  to 
justify  laminectomy  for  its  relief. 

Wounds  of  the  neck,  unless  they  cause  fatal  ha-morrhage,  are 
usually  of  little  importance.  It  is  remarkable  how  often  rille  bullets 
traverse  the  neck  without  injuring  any  important  structure.  Wounds 
of  the  cervical  spine  are  dangerous  ;  they  have  already  been  discussed. 
Bullets  that  pass  through  the  neck  may  also  wound  the  head,  arm, 
or  chest.  Flesh  wounds  of  the  neck  ma}^  be  followed  l)y  a  good  deal 
of  stiffness,  particularly  if  they  suppurate.    Injuries  to  vessels  and 
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nerves  are  not  uncommon.  Wounds  of  the  larynx  and  trachea  are 
accompanied  by  haemoptysis,  usually  slight,  and  if  the  larynx  is  dis- 
organized, or  there  is  obstruction  from  oedema  or  hamorrhage, 
tracheotomy  may  be  required.  Surgical  emphysema  is  sometimes 
very  extensive,  but  is  unimportant.  The  most  dangerous  com- 
plication is  septic  broncho-pneumonia,  and  in  suppurating  wounds 
of  the  air-passages  a  low  tracheotomy  may  be  advisable  to  prevent 
this  sequel,  particularly  where  there  is  also  a  wound  of  the  oesophagus. 
Wounds  of  the  pharynx  and  oesophagus  often  give  rise  to  a  very  fatal 
spreading  cellulitis  deep  in  the  neck.  Good  drainage  must  be  secured  ; 
the  external  woimd  should  be  enlarged  and  a  drainage-tube  put  in, 
with  packing  round  it  to  protect  the  raw  surface.  Suture  of  the  wound 
in  the  oesophagus  is  seldom  practicable.  Swallowing  must  not  be 
allowed  until  the  wound  has  nearly  healed,  but  after  a  few  days  it  may 
be  possible  to  feed  the  patient  through  a  stomach -tube,  all  food  being 
given  by  the  rectum  at  first. 

Penetrating  wounds  of  the  chest  are  much  less  serious  injuries 
than  formerly,  as  the  small  aperture  made  by  the  modern  bullet  seldom 
leads  either  to  infection  of  the  pleural  cavity  or  to  pneumothorax 
and  collapse  of  the  lung.  Ribs  may  be  perforated  or  notched,  or  may 
be  fractured  with  some  loss  of  substance.  Bullets  passing  longi- 
tudinally in  the  plane  of  the  chest  wall  may  fracture  several  ribs. 
Comminution  of  the  ribs  does  not  often  occur,  except  at  their  pos- 
terior ends.  The  ordinary  signs  of  fractured  rib  are  frequently  absent. 
Haemorrhage  from  the  intercostal  vessels  is  uncommon,  but  it  may  be 
free  ;  it  is  more  likely  to  occur  into  the  pleural  cavity  than  externally. 
Wounds  from  shell  or  shrapnel,  and  bayonet  wounds,  are  more 
dangerous,  as  they  are  almost  invariably  septic  and  cause  more  serious 
injury  to  the  lungs.  The  small-bore  rifle  bullet  makes  a  fine  punctured 
wound  in  the  lung,  and  unless  a  large  vessel  is  opened  the  damage 
is  very  slight.  Wounds  of  the  chest  are  often  complicated  by  wounds  of 
the  arm,  neck,  spine,  or  abdomen.  Wound  of  the  diaphragm  may 
cause  shallow  and  painful  respiration,  hiccough,  or  painful  vomiting. 
The  more  common  symptoms  in  wound  of  the  lung  are  haemoptysis, 
which  is  usually  slight,  a  very  variable  degree  of  shock,  and  deficient 
expansion  on  the  injured  side.  Occasionally  some  cyanosis,  trouble- 
some cough,  or  surgical  emphysema  may  be  present.  Pain  is  often 
absent,  but  may  be  severe  if  the  pleura  is  lacerated  or  an  intercostal 
nerve  injured.  Pneumothorax  is  very  uncommon,  and  the  free  passage 
of  air  in  and  out  of  the  pleura  is  also  very  seldom  seen,  and  only  with 
large  wounds  of  the  chest  wall.  Haemothorax  is  fairly  common,  and 
may  considerably  delay  recovery.  The  disturbance  due  to  moving 
patients  towards  the  base  is  a  frequent  cause  of  haemothorax.  Empyema 
may  result  from  direct  infection  of  the  pleura,  especially  with  large 
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cxternil  wounds,  or  from  a  liaemot.liorax  becoming  infected.  Fscal 
infection  of  the  plem'a  by  a  bullet  that  has  passed  through  the  abdomen 
may  occur,  and  is  very  fatal.  Pleurisy  and  pneumonia  are  occasional 
complications  of  chest  wounds,  and  abscesses  or  even  gangrene  of 
the  lung  may  occur,  though  very  rarely.  Bullets  seldom  lodge  in  the 
lung,  though  they  may  do  so  in  the  chest  wall.  After  the  wounds 
have  healed,  pain  and  shortness  of  breath  on  exertion  may  persist 
for  some  time,  even  after  comparatively  slight  injuries. 

For  treatment,  rest  and  attention  to  the  external  wounds  usually 
suffice.  Haemoptysis,  if  severe,  is  best  treated  by  inhalation  of  amyl 
nitrite.  Haemothorax  should  not  be  interfered  with  unless  it  is  caus- 
ing serious  pressure  symptoms,  and  in  any  case  nothing  more  than 
aspiration  is  needed.  Incision  with  drainage  for  haemothorax  is 
dangerous  ;  the  risk  of  sepsis  is  so  great.  Empyema  must  l:)e  drained 
in  the  usual  way. 

Wounds  of  the  heart  are  fatal  in  the  great  majority  of  cases. 
Even  where  death  is  not  immediate,  it  is  ^practically  impossible  to 
operate  in  time  in  the  field,  though  a  good  many  successful  cases  of 
suture  of  gunshot  wounds  of  the  heart  in  peace  time  have  been 
recorded.  Probably  all  that  can  be  hoped  for  is  that  an  occasional 
case  may  be  saved  by  draining  the  pericardium,  either  for  haemo- 
pericardium  or  later  for  septic  pericarditis.  A  few  cases  of  wound 
of  the  heart  have  recovered  without  operation  ;  probably  these  were 
slight  injuries  not  penetrating  the  heart's  wall. 

Penetrating  wounds  of  the  abdomen  are  serious  injuries,  but 
their  mortality  has  diminished  (■onsiderably  since  the  introduction 
of  the  small-bore  rifle  bullet.  It  is  quite  possible  for  a  bullet  to 
traverse  the  abdomen  without  perforating  the  intestine  if  it  happens 
to  find  its  way  between  the  coils.  Superficial  contusions  and  grooving 
of  the  intestinal  wall  have  been  seen  in  such  cases.  Intestine  struck 
directly  is  perforated,  the  holes  being  small  and  circular,  and  readily 
blocked  by  prolapse  of  the  mucous  membrane,  infection  of  the  peri- 
toneum being  thus  prevented.  The  most  dangerous  wounds  of  the 
intestine  are  long  slits  cut  by  bullets  passing  along  its  wall,  and 
lacerations  by  large  or  irregular  missiles,  such  as  pieces  of  shell, 
deformed  rifle  bullets,  or  shrapnel  bullets,  for  free  leakage  into  the 
peritoneum  is  then  inevitable.  In  the  stomach  and  bladder  either 
small  perforations  or  slits  of  varying  length  may  be  cut,  according 
to  whether  the  bullet  strikes  perpendicularly  or  tangentially  to  the 
surface  of  the  organ.  Rifle-lnillet  wounds  of  the  solid  abdominal 
viscera  are  usually  clean  j^wnctures  or  grooves  with  no  laceration. 
Large  bullets  produce  large  tracks  with  a  good  deal  of  laceration  in 
the  solid  organs.  At  short  ranges,  200  yards  or  less,  rifle  bullets  iirflict 
much  more  severe  injury  upon  all  the  abdominal  organs  ;   the  liver, 
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spleen,  or  kidney  may  be  severely  lacerated,  and  any  hollow  organ 
containing  fluid  may  be  burst  and  torn  open.  Such  injuries  are 
quickly  fatal.  Injuries  of  the  omentum  and  mesentery  give  rise  to 
hsemorrhage,  often  persistent  and  fatal.  Prolapse  of  omentum  or  of 
intestine  through  the  external  wounds  is  possible  only  when  these 
are  large,  as  in  sword  cuts  or  wounds  from  large  missiles.  In  most 
abdominal  wounds  multiple  injuries  are  present ;  several  organs  may 
be  involved,  there  may  be  many  perforations  in  the  intestines,  and 
neighbouring  regions — the  chest,  spine,  or  lower  limb — are  frequently 
wounded. 

Definite  symptoms  of  injury  to  any  particular  organ  are  usually 
wanting,  and  the  general  symptoms  are  often  very  slight,  particularly 
in  the  early  stages.  Many  cases  recover  with  so  little  trouble  that  the 
nature  of  the  injury  remains  doubtful,  though  the  course  the  bullet 
has  taken  may  indicate  that  certain  organs  have  probably  been 
wounded.  Death  may  occur  either  early,  from  shock  and  haemorrhage 
in  the  more  severely  Avounded  cases,  or  later  from  peritonitis.  It  is 
practically  impossible  when  a  patient  is  first  seen  to  form  any  opinion 
as  to  whether  peritonitis  will  develop  or  not.  The  intestine  may  have 
escaped  j>erforation  by  the  bullet,  as  has  already  been  mentioned.  If 
the  wounds  in  the  intestine  are  all  small,  and  are  few  in  number,  escape 
of  the  intestinal  contents  is  checked  at  first  by  the  mucous  membrane 
blocking  the  holes,  then  adhesions  form  to  adjacent  coils,  and  so  no 
infection  of  the  peritoneum  occurs.  The  sealing  of  the  perforations 
is  favoured  by  the  bowel  being  empty  when  it  is  wounded,  and 
especially  by  the  patient  being  left  undisturbed  long  enough  to  allow 
adhesions  to  form.  On  the  other  hand,  if  the  wounds  in  the  intestine 
are  large  or  numerous,  general  peritonitis  is  almost  certain  to  follow. 
The  most  dangerous  injuries  are  those  of  the  small  intestine,  and 
when  a  bullet  has  traversed  the  small-intestine  area  the  prognosis 
is  grave.  Wounds  of  the  large  intestine  are  less  serious,  and  leakage 
from  them  may  lead  to  the  formation  of  a  localized  abscess  only, 
instead  of  general  peritonitis.  Wounds  of  the  retroperitoneal  surface 
of  the  large  intestine  are  very  fatal,  giving  rise  to  spreading  cellulitis. 
Wounds  of  the  rectum  are  not  very  serious.  They  are  sometimes 
followed  by  pelvic  abscesses,  or  by  faecal  abscesses  in  the  buttock  or 
thigh  from  infection  of  the  bullet  track.  Wounds  of  the  stomach 
are  liable  to  cause  subphrenic  abscess.  Wounds  of  the  liver  seldom 
give  much  trouble,  but  abscesses  in  the  liver  may  form,  or  a  biliary 
fistula  remain  open  for  some  time.  Wounds  of  the  spleen  are 
dangerous  from  hsemorrhage,  which  is  often  fatal,  though  it  has  been 
known  to  cease  spontaneously.  Wounds  of  the  pancreas  are  rare, 
and  are  always  accompanied  by  other  abdominal  injuries.  Haemorrhage 
and  escape  of  the  pancreatic  secretion  are  the  dangers.    Wounds  of 
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the  kidney  are  not  of  much  consequence.  They  cause  some  hsematuria , 
which  is  seldom  severe,  and  perirenal  abscess  or  cellulitis  may  follow. 
Extraperitoneal  wounds  of  the  bladder  are  more  serious  than  intra- 
peritoneal, on  account  of  extravasation  of  urine  and  cellulitis. 

The  treatment  of  gunshot  wounds  of  the  abdomen  in  war  is  very 
different  from  that  carried  out  in  jjeace.    The  circumstances  of  the 
battle-field  render  it  more  dangerous  to  operate  than  to  leave  the 
jjatients  alone.    The  difficulties  jjeculiar  to  surgery  in  the  field  have 
already  been  mentioned,  and  it  is  seldom  that  cases  of  abdominal 
injury  are  seen  by  the  surgeon  until  the  most  favourable  time  for 
operating  is  past.    More  than  half  the  jjatients  recover  without 
operation,  and  in  some  laparotomies  that  have  been  done  it  has  been 
found  that  the  intestinal  injuries  were  already  sealed  by  adhesions 
and  could  not  be  discovered  until  these  were  separated.    The  general 
rule  is  not  to  operate  imless  there  is  some  special  indication,  but 
to  treat  abdominal  cases  by  rest,  starvation,  and  opium.  Special 
indications  for  operation  are  internal  htemorrhage,  which  will  prove 
fatal  unless  promjDtly  dealt  with  ;   escape  of  intestinal  contents  from 
the  external  wounds,  indicating  extensive  contamination  of  the  peri- 
toneum, which  will  certainly  prove  fatal  if  left  alone  ;   and  the 
commencement  of  general  peritonitis  in  cases  that  have  been  treated 
expectantly  when  there  is  just  a  jjossibility  of  saving  the  patient 
by  draining  the  abdomen.    Sword,  lance,  or  bayonet  wounds  of  the 
intestine  are  almost  certainly  fatal  unless  operated  upon.    It  must 
be  understood  that  the  rule  of  non-interference  applies  only  when 
the  conditions  for  work  render  operation  inadvisable,  and   that  if 
the  surgical  conditions  are  satisfactory  and  the  patient  is  seen  in 
time,  the  ordinary  treatment  of  a  penetrating  abdominal  injury  may 
be  carried  out.     This  must  always  be  exceptional,  and  is  likely  to 
be  possible  only  after  small  actions  in  which  a  few  men  are  wounded, 
or  when  a  permanent  hospital  is  near.    If  laparotomy  is  undertaken, 
the  principal  points  to  be  attended  to  are  the  arrest  of  haemorrhage, 
removal  of  blood  from  the  peritoneal  cavity,  and  the  discovery  and 
closing  of  all  perforations  in  the  stomach  and  intestines,  or  bladder. 
The  ecchymosis  surrounding  wounds  of  the  intestinal  wall  is  a  guide 
to  finding  them.    Perforations  must  be  sutured  so  as  not  to  narrow 
the  lumen  of  the  gut.    Badly  damaged  portions  of  intestine  may 
have  to  be  resected.    Bleeding  from  the  liver  or  spleen  may  necessitate 
suturing  or  plugging  of  the  wounds  in  those  organs,  or  even  splen- 
ectomy.   Rapid  operating  is  of  great  importance,  and  if  the  patient's 
condition  is  bad  it  may  only  be  possible  to  bring  the  wounded  bowel 
to  the  surface  and  make  an  artificial  anus.    Drainage  is  advisable, 
and  is  especially  necessary  if  a  wound  of  the  pancreas  has  been  sutured. 
In  cases  operated  on  for  general  peritonitis  no  search  for  the  visceral 
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injuries  should  be  made,  and  lymph  should  not  be  disturbed  ;  all  that 
is  necessary  is  to  drain  the  abdomen  by  several  small  incisions  suitably 
placed.  Localized  abscesses  in  connexion  with  the  large  intestine 
require  opening  and  drainage.  Extraperitoneal  wounds  of  the  large 
intestine  need  free  drainage  ;  the  external  wound  should  be  enlarged 
and  the  bowel  brought  to  the  surface  and  fixed  by  sutures,  or  a  tube 
may  be  put  into  the  bowel  and  the  wound  packed  round  it.  Suture 
of  the  intestinal  wound  is  seldom  practicable.  In  wound  of  the  rectum 
faeces  must  be  prevented  from  finding  their  way  along  the  bullet  track. 
This  may  be  done  by  colotomy,  or  by  dividing  the  spliincters  so  as  to 
give  free  escape  for  the  faeces  and  keep  the  rectum  empty.  All 
wounds  of  the  bladder  require  that  the  viscus  should  be  kept  empty, 
either  by  tying  in  a  catheter  or  by  draining  through  a  suprapubic 
or  a  median  perineal  incision.  Wounds  of  the  kidney  seldom  call  for 
treatment,  except  the  opening  of  a  perirenal  abscess,  should  one  form. 

Wounds  of  the  external  genitals  are  usually  of  little  im- 
portance. Perforations  of  the  penis  may  cause  some  bleeding,  and  lead 
to  defornaity  on  erection  later.  Wounds  of  the  urethra  should  be 
sutured  if  possible,  and  extravasation  of  urine  watched  for.  Wounds 
of  the  testicles  cause  a  good  deal  of  shock,  but  usually  heal  readily. 
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By  chad  woodward,  F.R.C.S. 

Definition. — A  ]>mn  results  from  the  action  of  dry  lieat  upon  the 
tissues,  whereas  a  scald  is  produced  by  the  application  of  moist  heat. 
The  former  is  comparable  to  roasting  and  the  latter  to  boiling.  The 
effects  upon  the  tissues  and  the  body  generally  are,  however,  so 
essentially  similar  that  one  description  will  apply  to  both.  Special 
mention  -will  be  made  of  scalds  of  the  throat,  a  very  fatal  condition 
requiring  special  treatment. 

In  the  statutes  of  Great  Britain  the  injuries  produced  by  such 
corrosive  liquids  as  sulphuric  acid,  nitric  acid,  caustic  potash,  etc.,  are 
considered  as  burns,  and,  indeed,  the  pathological  and  clinical  features 
show  a  great  similarity  to  those  of  injuries  produced  by  heat. 

Mortality. — Burns  are  responsible  for  a  great  number  of  deaths 
every  year,  and  contribute  a  large  percentage  of  the  fatal  cases  in  any 
large  hospital  in  a  manufacturing  town.  During  the  twelve  months 
from  April,  1909,  to  March,  1910,  63  cases  of  burns  were  admitted  to 
the  wards  of  the  General  Hospital,  Birmingham  ;  of  these  34  died, 
making  a  mortality  of  nearly  54  per  cent.  In  the  same  period  16  cases 
of  scalding  were  admitted,  with  a  mortality  of  25  per  cent. 

The  statistics  of  the  Coroner  for  the  City  of  Birmingham  well  illus- 
trate the  high  death-rate  of  burns,  both  in  children  and  in  the  aged. 
During  1908  and  1909,  148  inquests  were  held  on  the  bodies  of  persons- 
dying  from  burns  and  21  on  those  whose  death  was  due  to  scalds  : 
115  of  the  148  fatal  cases  of  burning,  and  15  of  the  21  deaths  from 
scalds,  occurred  in  children  of  5  years  old  or  less,  whilst  G  people  over 
60  years  of  age  owed  their  death  to  burns.  In  1909-10,  at  the  General 
Hospital,  Birmingham,  22  of  the  34  deaths  from  burns  were  in  cliildren 
of  5  years  of  age  or  under,  and  4  deaths  occurred  in  patients  over  60. 

It  would  also  appear  that  the  percentage  of  deaths  from  burns  in 
females  is  greater  than  that  in  males,  especially  in  the  case  of  those 
over  5  years  of  age. 

Inasmuch  as  the  majority  of  burns,  especially  in  children,  are 
caused  by  ignition  of  the  clothing,  due  to  playing  with  matches  or  with 
the  fire,  the  greater  number  of  such  accidents  occur  in  the  colder 
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montlis  of  tlie  year.  Adult  males  are  generally  burnt  or  scalded  at 
their  work,  by  gas  or  boiler  explosions,  or  by  contact  vnth  molten 
metals  ;  whereas,  in  tlie  case  of  women  and  of  cliildren,  it  is  usually 
some  article  of  clothing  that  catches  fire. 

Classification. — Many  difEerent  classifications  have  been  adopted 
from  time  to  time.  American  and  German  writers  usually  consider 
burns  in  three  degrees.  In  France  and  in  this  country  Dupuytren's 
method  of  classification  in  six  degrees,  according  to  depth,  is  usually 
adopted,  and  will  be  followed  here. 

The  first  degree  is  characterized  by  an  erythema  of  the  skin  of  quite 
a  superficial  and  evanescent  nature. 

The  second  degree  is  associated  with  the  formation  of  vesicles  filled 
with  serum,  the  epidermis  being  raised  from  the  skin  by  the  cutaneous 
inflammation. 

In  the  third  degree,  part  of  the  thickness  of  the  papillary  layer  of  the 
skin  is  destroyed. 

The  fourth  degree  indicates  complete  destruction  and  disorganiza- 
tion of  the  dermis  down  to  the  subcutaneous  cellular  tissue. 

In  the  fifth  degree  there  is  a  charring  of  all  the  superficial  soft  parts, 
including  more  or  less  muscle,  down  towards  the  bone. 

The  sixth  degree  is  characterized  by  complete  carbonization  of  the 
biu'nt  part. 

Most  cases  present  several  different  degrees  combined,  but  a  hmn 
is  classified  according  to  its  most  severely  damaged  portion.  It  is  fre- 
quently noticed  that  a  burn  which  at  first  appears  to  be  of  the  third 
degree,  eventually  tm-ns  out  to  be  also  partly  of  the  fourth  degree. 

Clinical  aspects.  Local  effects. — In  burns  of  the  first  degree 
the  skin  is  merely  scorched  and  there  is  no  destruction  of  tissue.  There 
is  a  dilatation  of  the  blood-vessels,  causing  redness ;  the  part  is  pain- 
ful and  often  somewhat  cedematous.  After  some  hours,  or  at  most 
a  day  or  two,  there  is  a  return  to  normal,  with  a  little  superficial 
desquamation  of  the  epidermis. 

In  the  second  degree,  in  addition  to  the  hypersemia  of  the  burnt 
part,  there  are  blisters,  containing,  as  a  rule,  a  clear  yellowish  senmi. 
When  these  are  opened  the  papillary  layer  of  the  skin  is  exposed  beneath 
the  raised  epidermis  in  bright-red  patches,  wliich  are  acutely  tender. 
Healing,  however,  is  rapid  and  without  scarring,  though  some  pig- 
mentation may  remain. 

In  the  third  degree  the  epidermis  and  papillary  layer  of  the  skin  are 
transformed  by  heat  into  dull-yellowish  or  brown  patches,  insensitive 
to  light  touch.  The  pain,  though  considerable  at  first,  soon  passes  off, 
only  to  return  again,  to  some  extent,  a  few  days  later,  when  the  sloughs 
begin  to  separate. 

Healing  is  by  granulation,  but  the  sj)read  of  young  epithelium  is 
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rapid,  since  it  not  only  grows  in  from  the  edges,  ljut  also  starts  as 
isolated  islands,  among  the  granulations,  from  the  epithelial  remains  of 
skin  which  have  escaped  destruction.  A  dull-white  scar  results,  and 
since  the  formation  of  granulation  tissue  is  not  excessive,  little  con- 
traction or  deformity  is  to  be  apprehended. 

Burns  of  the  fourth  degree  are  the  most  important  with  which  we 
have  to  deal.  The  whole  thickness  of  the  true  skin  is  destroyed,  the 
destructive  process  being  often  shared  in  to  a  greater  or  less  extent  by 
the  subcutaneous  connective  tissue  and  fat. 

Dry  yellow  or  yellowish-black  insensible  eschars  are  formed,  sur- 
rounded by  a  red  zone  of  congestion.  This  line  of  redness,  it  may  be 
noted,  is  a  sign  of  vital  reaction,  somewhat  analogous  to  the  line  of 
demarcation  between  living  and  dead  tissues  seen  in  gangrene.  It  is 
visible  very  soon  after  the  burn  is  inflicted,  and  may  be  taken  as  a  sign 
that  the  burn  was  inflicted  during  life.  Sir  Eobert  Christison  found 
that  it  was  impossible  to  produce  this  line  in  bodies  that  had  been 
dead  ten  minutes. 

Owing  to  the  fact  that  the  nerve  terminals  are  destroyed  with  the 
skin,  the  pain  that  is  felt  is  mostly  experienced  in  the  surrounding 
parts  that  have  not  been  burnt  to  the  same  depth.  Suppuration  to  a 
greater  or  less  extent  almost  invariably  follows  burns  of  this  degree, 
and,  when  the  sloughs  separate,  large  excavations  are  left  which  fill 
with  granulations.  Since  the  glands  in  the  skin  are  destroyed,  the 
spread  of  new  epithelium  is  limited  to  that  which  can  take  place  from 
the  margins  of  the  ulcer,  a  process  which  is  an  extremely  slow  one 
where  there  are  large  raw  surfaces.  There  is  often  a  very  free  growth 
of  granulations,  which  require  treatment. 

In  such  circumstances  the  formation  of  scar  tissue  is  excessive, 
and  its  contraction  is  liable  to  lead  to  much  disability  and  deformity. 
Cheloid  frequently  develops  in  such  scars  (Fig.  34),  and,  when  the  face 
is  affected,  vmsightly  deformities  may  result,  such  as  ectropion,  and 
distortion  of  the  mouth  and  ears.  Joints  may  be  flexed  and  the 
fingers  rendered  useless  by  being  twisted  into  shapeless  appendages 
(Fig.  35).  The  upper  arm  may  even  become  united  to  the  side  of 
the  chest  in  extensive  burns  of  the  arm  and  trunk. 

Burns  of  the  ffth  and  sixth  degrees,  if  not  rapidly  fatal,  are  usually 
of  limited  extent,  being  confined,  perhaps,  to  one  of  the  limbs.  They 
are  caused  by  prolonged  contact  with  heated  metal  or  by  the  action 
of  caustics  or  the  burning  of  phosphorus. 

General  effects. — The  after-effects  of  burns  and  scalds  upon  the 
body  generally  have  been  divided  into  three  stages  : — 

1.  Shock  and  collapse. 

2.  Inflammation. 

3.  Suppuration  and  sepsis. 
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The  stage  of  shock  usually  lasts  from  twenty-four  to  forty-eight 
hours,  and  varies  in  severity  with  the  superficial  area  of  the  body 


Fig.  34. — Development  of  cheloid  upon  the  face  of  a  girl,  in 
the  scar  cf  a  burn. 

{FJiotogyafili  by  Dr.  Etn?ys-/ones.) 
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involved,  the  degree  of  the  burn,  and  the  age  of  the  patient.  Shock  is 
commonly  most  profound  in  infants,  though  pain  is  often  not  marked, 
even  in  the  gravest  cases.  The  usual  phenomena  of  shock  are  pre- 
sent :  the  pulse  is  rapid,  and  frequently  imperceptible  at  the  wrist ; 


Fig.  35. — Marked  deformity  of  thumb  caused  by  cicatrization 
after  a  burn. 

(^rhotograpfi  hy  Pr.  Eiurys-J ones -Y] 

the  temperature  is  lowered,  and  often  to  such  a  degree  that  the  clinical 
thermometer  is  unable  to  register  the  fall ;  the  surface  of  the  body  is 
cold  and  covered  with  sweat ;  thirst  is  extreme,  and  the  child  con- 
stantly cries  out  for  something  to  drink; 
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As  reaction  comes  on,  the  second  stage  is  entered  upon,  the  stage  of 
inflammation,  which  may  be  said  to  last  until  the  sloughs  are  separated, 
in  from  one  to  two  weeks.  The  temperature  rises  to  102°  F.,  or  even 
104°  F.,  the  rise  being  associated  with  definite  reaction  in  the  internal 
organs,  such  as  broncho-pneumonia  and  bronchitis,  especially  when 
the  thorax  itself  is  burnt.  It  is  alleged  that  inflammation  of  the 
various  parts  of  the  intestinal  tract  is  pecrdiarly  liable  to  follow  burns 
on  the  abdomen.  Duodenal  ulcer,  with  perforation,  was  formerly  said 
to  be  a  common  complication  of  burns,  but  tliis  statement  is  open  to 
grave  doubt.  Certainly  in  these  days,  when  everyone  is  famiHar  with 
the  symptoms  presented  by  perforating  ulcers  of  the  duodenum,  one 
does  not  see  or  hear  of  cases  occurring  as  a  result  of  burns. 

In  an  experience  of  over  200  cases  of  severe  burns,  only  in  one  case 
was  melsena  noted.  In  that  case  there  were  no  symptoms  pointing 
to  the  seat  of  the  haemorrhage,  so  that  it  may  have  come  from  almost 
any  part  of  the  intestinal  tract ;  the  patient  recovered.  Albuminuria 
is  common,  and  this  may  be  associated  with  degenerative  changes  in 
the  kidneys. 

The  third  stage,  the  stage  of  suppuration,  lasts  from  the  end  of  the 
second  period  until  the  wound  is  healed.  Its  duration,  therefore,  is  very 
variable,  and  may  be  protracted  for  months.  The  complications  of 
this  stage  are  mostly  the  result  of  long-continued  suppuration  and 
sepsis,  and  can,  therefore,  be  controlled  to  a  considerable  extent  by 
sldlful  treatment  conducted  on  modern  surgical  lines. 

Pathology  and  modes  of  death. — As  the  result  of  a  fire  in 
a  building,  persons  may  be  suffocated,  and  death  occur  from  poisoning 
by  carbon  dioxide  or  carbon  monoxide  ;  in  the  latter  case  the  charac- 
teristic cherry-red  colour  of  the  blood,  produced  by  carbon  monoxide 
hsemoglobin,  will  be  observed.  The  largest  number  of  deaths  occur 
during  the  period  of  shock.  Out  of  207  fatal  cases  of  burns  and  scalds 
no  fewer  than  128  died  from  shock  either  on  the  same  day  or  on 
the  day  following  the  injury.  The  intensity  of  the  shock  depends  far 
more  on  the  superficial  extent  of  the  burn  than  on  its  depth.  Burns 
involving  one-half  of  the  body  are  always  fatal,  and  those  affecting 
one-third  nearly  always  end  in  death.  Children  frequently  die  when 
the  front  of  the  chest  and  abdomen  is  burnt  to  the  second  degree, 
the  bulk  of  the  burnt  area  being  only  of  the  first  degree.  Cases  are 
recorded  of  adult  males  dying  from  shock  when  extensively  burnt 
to  the  first  degree  only.  Burns  over  the  great  serous  cavities  are 
more  dangerous  than  those  on  the  limbs. 

Many  theories  have  been  advanced  to  explain  the  fatal  issue  during 
this  period.   It  was  formerly  suggested  that  the  extensive  interference- 
with  the  various  physiological  attributes  of  the  sldn  was  sufficient 
to  cause  rapid  death.    The  pathological  changes  in  the  body  fall  under 
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three  heads  :  those  due  (1)  to  shock,  (2)  to  non-bacterial  toxins,  and 
(3)  to  septic  infection.  The  symptoms  produced  by  each  factor 
merge  into  the  others,  and  it  is  impossible  clinically  to  draw  any 
hard-and-fast  line  of  distinction  between  them.  Shock  consists  in  a 
state  of  profound  depression  of  a  large  number  of  centres  in  the  grey 
matter  of  the  central  nervous  axis.  The  source  of  the  afferent  impulses 
productive  of  this  state  of  central  inhibition  is  the  widespread  and 
serious  damage  done  to  multitudes  of  nerve  endings  in  the  skin  and 
underlying  structures.  The  histological  accompaniment  of  this  nerve 
exhaustion  is  evidenced  by  a  certain  degree  of  chromatolysis  or  partial 
destruction  of  the  granules  of  Nissl.  Degenerative  changes  in  the 
internal  organs,  especially  the  liver,  kidneys,  and  lymph-glands, 
similar  to  those  produced  by  the  bacterial  toxins  of  typhoid  and  diph- 
theria, have  been  observed  by  Bardeen  and  McCrae  before  sufficient 
time  had  elapsed  for  septic  infection  to  occur.  Cloudy  swelling  has 
been  noted  within  six  hours  of  the  occurrence  of  a  burn.  The  toxins 
responsible  for  these  changes  are  produced  by  the  physico-chemical 
damage  to  the  tissues  of  the  skin  and  proteins  of  the  blood  as  a  result 
of  the  application  of  heat.  At  the  same  time,  it  is  to  be  remarked 
that  experiments  upon  animals  have  not  confirmed  the  presence  of 
specific  toxins  in  the  blood  and  tissues  from  cases  of  burns. 

During  the  stage  of  inflammation,  congestion  is  liable  to  appear 
in  the  lungs  and  pleura,  the  intestines,  the  brain  and  its  meninges ; 
and  in  the  event  of  marked  infection  the  usual  signs  of  severe  septic 
intoxication  are  observed  in  the  internal  organs.  Toxaemia  ranks 
second  to  shock  as  a  cause  of  death  following  burns,  and  is  produced 
by  toxins  both  bacterial  and  non-bacterial  in  character.  Pyaemia 
is  a  rare  complication,  as  is  showm  by  the  fact  that  in  a  series  of  over 
200  cases  I  have  seen  only  one  instance  of  this  condition.  Infection 
with  extraneous  pathogenetic  bacteria  may  occur,  as  in  any  other 
open  wound,  and  one  case  of  tetanus  following  a  burn  was  recorded 
in  Birmingham  in  1908. 

Treatment.  General. — The  majority  of  pjitients,  when  first  seen, 
are  in  a  state  of  profound  shock  urgently  calling  for  treatment.  Every 
effort  must  be  made  to  get  the  patient  warm  and  to  restore  the  failing 
circulation.  As  a  substitute  for  the  somewhat  inefficient  hot- water 
bottle,  the  device  employed  by  Waterhouse  is  useful.  In  the  case  of 
a  child,  a  32-candle-power  electric  lamp  is  placed  beneath  the  cradle 
which  covers  it,  and  the  temperature  of  the  air  can  thus  easily  be 
maintained  at  about  103°  F.  until  shock  has  passed  off.  Normal  saline 
solution  should  be  slowly  injected  into  the  rectxim  every  few  hours  in 
quantities  varying  from  2  oz.  for  a  small  child  to  a  pint  for  an  adult. 
Half  an  ounce  of  brandy  may  be  conveniently  added  to  the  saline, 
especially  when  it  is  difficult  to  administer  everything  by  the  mouth. 
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Brandy  is  probably  the  most  useful  stimulant  in  these  cases,  and  should 
be  given  freely.  It  is  seldom  possible,  in  the  cases  which  need  it  most, 
to  give  saline  either  intravenously  or  subcutaneously  ;  but  in  young 
children,  who  often  do  not  retain  it  well  when  given  per  rectum,  an 
effort  should  be  made  to  find  an  unburnt  and  suitable  area  and  to  inject 
the  saline  into  the  cellular  tissues  beneath  the  skin.  It  is  a  most 
beneficial  procedure.  If  a  few  drops  of  adrenalin  chloride  (1-1,000) 
be  added  to  the  intravenous  saline,  it  produces  a  very  marked  effect 
in  raising  the  blood  pressure,  but  unfortunately  this  is  only  of  a  fleet- 
ing character.  It  may  be  added  to  the  saline  when  this  is  given  by 
the  rectum. 

I  have  been  unable  to  observe  any  good  effect  follow  the  use  of 
the  commercial  preparations  of  pituitary  extract,  even  when  given 
intravenously.  Such  cardiac  stimulants  as  digitalin,  strophanthin, 
and  strychnine  have  been  recommended,  but  they  are  not  of  much 
service.  In  fact,  they  are  of  as  little  use  here  as  in  the  treatment  of 
shock  produced  in  other  ways.  When  fluids  can  be  taken  by  tlie 
mouth,  oft-repeated  small  drinks  of  warm  water  should  be  given  ; 
after  a  few  hours,  milk  may  be  added  to  the  water. 

One  of  the  most  difficult  questions  to  decide  is  the  propriety  of 
administering  morphia.  Adults  suffering  from  severe  burns  bear  it 
well,  but  with  children  the  greatest  caution  must  be  exercised.  In 
cases  which  are  obviously  fatal  from  the  first  it  is  permissible  to  give 
an  opiate  to  afford  some  degree  of  relief  to  suffering  ;  but  in  other 
cases,  in  which  the  patients  are  not  so  extensively  burnt,  or  in  which 
the  prognosis  is  doubtful,  morphia  should  most  certainly  be  withheld 
if  possible. 

Local. — The  condition  of  a  burnt  part  is  one  in  every  way  favour- 
able to  the  development  of  sepsis.  The  surgeon's  endeavours  should 
therefore  be  directed  towards  preventing  the  growth  of  septic  organisms 
and  securing  as  aseptic  a  condition  of  the  skin  as  is  possible. 

It  is  important  that  the  strictest  antiseptic  measures  should  be 
carried  out  without  loss  of  time.  The  burnt  parts  should  be  carefully 
washed  with  some  antiseptic  lotion  of  a  mild  character,  such  as  boric 
acid.  If  stronger  antiseptics,  such  as  carbolic  acid  or  corrosive  sub- 
limate, be  employed,  the  parts  should  afterwards  be  well  washed  in 
normal  saline  solution.  To  carry  out  this  preliminary  cleansing  satis- 
factorily, it  is  often  necessary  to  give  a  general  ansesthetic.  All  blisters 
must  be  snipped  away,  since  their  contents  are  found  to  be  invariably 
infected  with  micro-organisms,  and,  unless  they  are  laid  open,  antiseptic 
cannot  gain  proper  access  to  the  interior.  The  most  satisfactory  solu- 
tion to  employ  as  a  primary  dressing  is  one  containing  picric  acid. 
The  formula  usually  given  is — Picric  acid  1 J  drachms,  absolute  alcohol 
3  ounces,  distilled  water  40  ounces.    Gauze  or  lint  should  be  lightly 
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Avrung  out  of  this  solution  and  applied  all  over  the  burnt  areas,  which 
are  then  covered  with  antiseptic  wool  and  bandaged.  A  point  to  be 
insisted  on  is  that  no  waterproof  covering  of  any  kind  should  be  used. 
The  dressing  of  burns  with  poultices  or  any  form  of  fomentation  is  a 
pernicious  practice.  Dryness  of  the  dressings  should  be  aimed  at,  for 
this  hinders  the  rapid  multiplication  of  organisms  and  prevents  the 
dressings  from  being  so  soon  soaked  with  discharge,  and  thus  obviates 
the  necessity  for  frequently  changing  the  dressings,  a  process  always 
painful  to  the  patient. 

Picric  acid  seems  to  have,  in  some  cases  at  any  rate,  a  fairly  marked 
action  in  relieving  pain.  It  possesses  also  the  property  of  encourag- 
ing and  assisting  the  growth  of  yoimg  epithelium,  and  for  this  reason  it 
should  not  only  be  used  as  a  first  dressing,  but  should  be  continued  well 
on  to  the  commencement  of  the  third  stage.  Those  who  decry  the 
value  of  picric  acid  as  a  burn-dressing  allege  that  its  use  is  frequently 
followed  by  poisoning,  which  is  manifested  by  such  symptoms  as  vomit- 
ing, diarrhoea,  dark-coloured  urine,  yellow  vision,  and  coma.  In  several 
hundred  cases  under  my  observation  treated  with  picric  acid  no  evil 
effects  have  been  observed  to  follow  its  use.  We  owe  the  introduction 
of  the  picric-acid  method  to  the  writings  of  Thiery  and  other  French 
surgeons.  This  substance  is  conveniently  employed  for  burns  of  the 
first  and  second  degrees,  but  its  principal  use  is  for  those  of  the 
third  and  fourth  degrees.  It  is  nowadays  hardly  necessary  to  men- 
tion that  carron  oil,  or  any  preparation  containing  oil  or  grease, 
should  find  no  place  as  a  primary  dressing  in  the  treatment  of  burns 
or  scalds. 

The  use  of  oil,  combined  with  antiseptics  such  as  carbolic  oil,  defeats 
its  own  object,  for  the  oil  prevents  ready  ionization  of  the  antiseptic  ; 
and  it  is  upon  the  power  of  free  ionization  that  its  germicidal  action 
depends.  Moreover,  carbolic  oil  is  a  fruitful  source  of  carboluria, 
though  it  does  not  apparently  produce  carbolic  gangrene.  Iodoform 
used  to  be  largely  used,  but  there  is  no  little  danger  of  the  production 
of  symptoms  of  poisoning  when  it  is  applied  to  extensive  areas.  The 
method  of  treating  burns  by  continuous  immersion  in  a  warm  bath 
has  much  to  recommend  it,  though  in  practice  it  is  not  always  easy 
to  carry  out.  Where  only  the  limbs  are  burnt  it  is,  of  course,  much 
more  conveniently  used,  and  is  very  satisfactory. 

After  the  sloughs  have  separated,  large  and  usually  septic  ulcers 
remain  for  treatment.  The  surgeon's  ingenuity  is  often  taxed  to  find 
an  application  suitable  for  a  particular  change  of  dressing  will 

often  prove  beneficial.  Among  recent  preparations,  sorbefacin  has 
proved  of  considerable  service  in  many  cases  ;  it  seems  to  have  a 
favourable  influence  in  promoting  the  growth  of  epithelium.  Boric 
ointment  is  best  used  at  a  half  or  cjuarter  the  strength  of  the 
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Pharmacopoeial  preparation,  as  in  the  usual  strength  it  often  pro- 
duces a  papular  eruption.  Both  boro-glyceride  and  zinc  ointment 
have  their  place,  the  latter  being  often  conveniently  combined  with 
equal  parts  of  castor  oil. 

Ointments  containing  balsam  of  Peru  or  tinct.  benzoinse  co.  are 
of  service  when  a  stimulating  application  is  required.  As  a  non- 
irritating,  non-toxic,  but  fairly  powerful  germicide,  a  1  per  cent,  solu- 
tion of  aluminium  acetate  is  extremely  useful.  Some  even  use  it  as  a 
primary  dressing  in  burns,  to  the  exclusion  of  picric  acid. 

Exuberant  and  redundant  granulations  must  be  kept  in  check  by 
the  use  of  caustics,  and  sometimes  by  free  scraping  under  an  anaesthetic. 

Wherever  possible,  the  large  ulcers  arising  from  burns  should  be 
skin-grafted  after  the  method  of  Thiersch. 

Care  should  be  taken,  by  the  timely  use  of  splints,  to  prevent  the 
occurrence  of  those  deformities  of  the  limbs  which  are  so  apt  to  result 
from  contracting  scars.  At  a  later  stage,  various  plastic  operations 
have  to  be  planned  for  dealing  with  flexed  limbs  and  other  deformi- 
ties that  may  have  been  produced.  Amongst  other  complications 
which  occasionally  arise  may  be  mentioned  secondary  hfemorrhage ; 
this  may  take  place  from  a  large  vessel  in  very  deep  burns,  or,  more 
commonly,  from  superficial  veins  during  the  separation  of  sloughs 
in  burns  of  the  fourth  degree.  Haemorrhage  from  superficial  veins 
occurs  in  about  2  per  cent,  of  burns ;  and  it  is  usually  the  upper 
extremity  that  is  affected.  I  have  never  seen  it  in  children.  When 
it  is  met  with  it  is  to  be  treated  by  the  usual  hsemostatic  measures. 
Tetanus  is  a  much  rarer  complication  than  was  formerly  the  case,  and 
is  to  be  treated  on  the  usual  lines. 

Children  sufjering  from  burns  not  infrequently  present  certain 
symptoms,  including  a  scarlatiniform  rash,  which  sometimes  occa- 
sion anxiety,  especially  if  cases  of  scarlet  fever  are  numerous  in  the 
neighbourhood.  The  question  of  isolation  naturally  arises  ;  but,  as  a 
rule,  the  rash  is  merely  a  toxic  one.  Still,  it  is  wise  to  err  on  the  side  of 
safety  and  to  isolate  in  any  doubtful  case. 

SCALDS  OF  THE  PHARYNX 
These  cases  usually  occur  in  infants  and  young  children  through 
the  swallowing  of  hot  fluids.  It  is  not  the  injury  received  by  the 
mucous  membrane  of  the  mouth  and  tongue  that  causes  much  appre- 
hension, but  the  oedema  of  the  upper  aperture  of  the  larynx  which 
always,  to  a  greater  or  less  degree,  follows  such  injury.  On  this  account 
a  child  with  a  history  of  a  recent  scald  of  the  mouth  should  be  kept 
under  close  observation.  Otherwise,  though  apparently  but  little 
injured  when  first  seen,  he  may  be  brought  back  to  the  surgeon  in 
the  small  hours  of  the  night  dying  of  sufiocation  and  rec|uiring  imme- 
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diate  tracheotomy.  In  any  case,  the  relatives  should  be  warned  of  the 
great  danger  of  such  an  accident  as  a  scalded  throat. 

When  difficulty  in  respiration  indicates  the  onset  of  oBdema,  exa- 
mination of  the  upper  aperture  of  the  larynx  with  the  finger  will  reveal 
the  great  swelling  of  the  aryteno-epiglottidean  folds.  The  epiglottis 
also  shares  in  the  oedema,  but  not  usually  to  any  marked  degree.  The 
milder  degrees  of  the  oedematous  swelling  can  be  treated  by  scarifica- 
tion, the  use  of  a  steam  tent,  and  doses  of  antimony  wine.  Fre- 
quently, however,  the  time  at  which  these  milder  measures  would  have 
been  serviceable  has  already  passed  when  the  surgeon  sees  the  child. 

As  the  oedema  of  the  glottis  increases  and  still  further  hinders  the 
entrance  of  air  into  the  trachea,  the  breathing  becomes  more  and  more 
laboured,  as  is  evidenced  by  intercostal  and  suprasternal  indrawing 
and  by  increasing  cyanosis. 

If  the  windpij)e  has  to  be  ojjened,  high  tracheotomy  or  iutercrico- 
tliyrotomy  is  the  most  suitable  operation.  The  mortality  after  trache- 
otomy in  such  cases  is  very  high,  and  it  is  therefore  well  to  emplov 
intubation  whenever  possible.  This  method  has  considerable  advan- 
tages. It  may  be  used  in  much  earlier  stages,  when  one  is  doubtful  as 
to  how  far  the  oedema  will  go  and  when  tracheotomy  would  therefore 
be  unjustifiable.  Being  used  early,  it  keeps  the  air-passage  free,  and 
thus  avoids  several  hours,  perhaps,  of  laboured  and  increasingly 
difficult  respiration,  exhausting  to  the  patient  and  tiring  out  the 
heart,  which  will  presently  be  taxed  to  its  uttermost  during  the  stage 
of  acute  inflammation  in  the  bronchi  and  bronchioles  that  so  often 
follows.  As  a  cutting  operation  is  avoided,  the  patient  escapes  the 
added  danger  of  blood  getting  into  the  air-passages.  Of  course,  in- 
tubation implies  the  necessity  for  skilled  assistance  being  always  within 
a  moment's  call,  such  as  is  usually  only  obtainable  in  hospital. 

After  the  danger  of  suffocation  has  been  overcome,  the  jjatient  still 
has  to  run  the  risk  of  acute  capillary  bronchitis  and  broncho-pneu- 
monia, which  may  prove  fatal  from  heart-failure.  Out  of  six  cases 
temporarily  relieved  by  tracheotomy,  only  one  survived.  Out  of  three 
cases  treated  l)y  intubation,  two  recovered. 

ELECTRIC  BURNS  AND  SHOCKS 
Under  this  heading  are  considered  those  injuries  which  are  pro- 
duced by  lightning  and  by  powerful  electric  currents.  Burns  from 
lightning  and  electricity  may  be  classified  in  the  same  manner  as 
those  caused  by  fire.  There  are,  however,  certain  absolute  differ- 
ences between  electric  and  ordinary  burns,  in  that,  according  to  Mally, 
the  former  are  painless,  dry,  aseptic,  and  usually  more  or  less  round 
in  shape,  while  the  reaction  of  the  tissues  is  extremely  slow.  These 
characters  are  due  to  the  rapidity  with  which  the  injuries  are  produced. 
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the  high  temperatiu'e  associated  with  an  electric  discharge,  and  the 
small  total  amount  of  heat  involved  in  the  process. 

The  results  of  a  lightning-stroke  may  be  manifold,  and  vary  in 
the  most  extraordinary  manner.  One  individual  may  have  his  clothes 
stripped  from  oil  his  back,  or  may  be  killed  and  mutilated,  whilst  a 
friend  standing  next  to  him  escapes  without  suflering  the  slightest  in- 
convenience. The  lesions  occasioned  by  lightning  include  wounds  of 
almost  every  description,  fractures  wliich  may  be  simple  or  compound, 
and  burns  of  varying  shape  and  depth.  As  far  as  the  burns  are  con- 
cerned, there  is  a  peculiar  condition  occasionally  seen,  known  as 
arborescent  markings,  which  requires  mention.  Delicate-branching, 
almost  fern-like  patterns  are  seen.  They  do  not  follow  the  lines  of 
lymphatics  or  superficial  blood-vessels,  as  was  at  one  time  suggested. 
In  addition  to  these  lesions,  various  subjective  phenomena  are  some- 
times observed,  such  as  blindness,  deafness,  various  paralyses,  loss  of 
memory,  etc.  The  burns  produced  may  at  times  be  noted  to  take 
the  form  of  metallic  objects  carried  by  the  individual,  the  objects 
themselves  being  often  fused.  In  this  connexion  it  may  be  observed 
that  if  certain  metallic  articles,  such  as  knives,  carried  by  a  person 
found  dead,  are  on  investigation  discovered  to  be  magnetized,  a  clue  is 
at  once  given  to  the  cause  of  death,  should  this  at  first  sight  not  be 
obvious. 

It  was  formerly  asserted  that  rigor  mortis  did  not  usually  occur, 
but  it  is  now  known  that  it  does  so  invariably,  the  explanation  being 
that  often  it  both  appears  and  disappears  very  quickly  and  is,  there- 
fore, perhaps  not  present  when  the  body  is  first  found.  Putrefaction 
sets  in  early. 

The  injuries  produced  by  powerful  electric  currents  possess 
several  peculiarities  requiring  mention.  The  lesions  are  most  evident  at 
the  points  of  exit  and  entrance.  The  superficial  degrees  are  painless, 
and  aseptic,  while  heahng  is  very  slow.  In  the  severer  degrees  there 
is  much  shock  ;  and  pain,  practically  absent  during  the  first  twenty- 
four  to  thirty-six  hours,  later  becomes  very  severe.  A  form  of  slow,, 
moist  gangrene  sets  in,  and  the  sloughing  process  tends  to  spread. 

Since  these  burns  are  often  deep,  sloughing  is  likely  to  be  asso- 
ciated with  secondary  haemorrhage  from  large  vessels.  Besides  the 
local  injuries  there  are  to  be  observed  signs  of  shock,  with  extreme 
pallor,  stertorous  breathing,  and  insensibility. 

The  treatment  of  injuries  produced  by  lightning  or  electrical 
currents  consists  in  combating  shock  and  keeping  the  burnt  parts 
aseptic.  The  complications  are  treated  on  general  principles.  When 
shock  is  overcome  the  prognosis  is  usually  good.  As  a  rule,  the  paralyses 
mentioned  above  eventually  disappear,  but  complete  restoration 
may  be  slow. 
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In  the  case  of  electric  currents  the  cause  of  death  may  be  heart- 
faikire  or  paralysis  of  the  respiratory  centres,  depending  on  the  kind 
of  current  involved.  Respiratory  paralysis  is  brought  about  by  the 
action  on  the  medulla  of  very  high-tension  currents,  both  direct  and 
alternating,  and  may  be  successfully  treated  by  artificial  respiration, 
kept  up,  if  need  be,  for  hours,  provided  the  heart's  action  be  not 
impaired.  Heart-failure  results  from  lower  voltage  shocks,  and  is 
more  likely  to  be  caused  by  alternating  currents  of  low  than  of  high 
frequency.  The  musculature  of  the  heart  ceases  to  beat  rhythmically, 
and  is  thrown  into  a  state  of  fibrillary  contraction.  Once  estabhshed, 
this  condition  always  proves  fatal,  as  no  means  have  been  devised 
for  successfully  combating  it ;  though,  experimentally,  Prevost  and 
BatelU  restored  the  normal  rhythm  to  a  heart  in  fibrillation  by 
applying  to  it  a  high-tension  current  before  the  blood-pressure  had 
fallen  to  zero. 
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CONSTITUTIONAL  DISTURBANCES  ASSOCI- 
ATED WITH  TRAUMA 


By   RUSSELL  HOWARD,  M.S.Lond.,  F.R.C.S.Eng. 

HAEMORRHAGE 

Definition  and  varieties. — Hsemorrliage  is  the  escape  of  blood 
from  the  blood-vessels ;  and  corresponding  to  the  three  varieties  of 
blood-vessels  there  are  three  varieties  of  hfemorrhage — arterial,  venous, 
and  ccifillary — each  with  its  own  local  symptoms  and  treatment.  The 
general  symptoms,  which  depend  on  the  depletion  of  the  tissues  of 
blood,  are  the  same  for  all  varieties  of  haemorrhage. 

Hfemorrhage  is  also  classified  into  external,  when  the  blood  escapes 
entirely  from  the  body  and  can  be  seen  ;  internal,  or  concealed,  when 
the  blood  remains  in  one  of  the  large  cavities  of  the  body — e.g.  the 
peritoneal  cavity.  A  third  classification  of  importance  is  into  primary, 
intermediary,  and  secondary. 

Primary  haemorrhage  is  the  escape  of  blood  from  the  blood- 
vessels immediately  after  the  lesion  which  damages  them — i.e.  it  is 
immediate,  and  is  the  variety  of  hfemorrhage  most  often  seen  and  most 
often  requiring  treatment. 

Intermediary  haemorrhage  is  said  to  occur  when  the  bleeding 
is  delayed  but  does  not  depend  upon  septic  processes  opening  up  the 
blood-vessels.  It  is  most  often  seen  after  operations  accompanied  by 
a  severe  degree  of  shock.  Hfemorrhage  may  not  occur  at  the  time  of 
wounding  of  the  vessels  owing  to  the  low  arterial  blood  pressure  ;  but 
as  the  condition  of  shock  passes  off  and  the  blood  pressure  rises,  the 
temporary  coagula  are  driven  from  the  blood-vessels  and  hsemorrhage 
is  started. 

Secondary  haemorrhage  is  caused  by  ulceration  destroying 
the  wall  of  a  vessel  before  thrombosis  has  occurred  in  it,  and  it  may 
or  may  not  have  been  preceded  by  primary  hfemorrhage.  The  condi- 
tion is  not  seen  so  often  as  formerly  when  septic  processes  followed 
almost  all  operations,  but  it  still  remains  as  a  most  dangerous  form  of 
hfemorrhage  with  peculiar  difficulties  in  its  treatment. 
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Natural  arrest  of  haemorrhage. — The  natural  arrest  of 
lisemorrhage  is  best  studied  in  bleeding  occurring  from  a  moderate- 
sized  artery,  althougli  the  process  is  essentially  similar  in  veins  and 
capillaries.  It  can  be  divided  into  two  stages — temforarij  arrest  and 
permanent  arrest. 

Temporary  arrest  is  brought  about  by  the  coagulation  of 
blood  forming  a  plug  in  the  mouth  of  the  cut  vessel,  but  this  process 
is  heljjed  by  several  factors.  When  an  artery  is  cut  across,  the  middle 
muscular  coat  contracts  and  so  diminishes  the  lumen  of  the  vessel 
and  checks  the  escape  of  blood.  At  the  same  time  the  middle  and  in- 
ternal coats  retract  inside  the  external  coat,  and  s  :>  further  diminish  the 
lumen  of  the  vessel.  The  retraction  is  most  marked  in  the  internal 
coat,  which,  owing  to  the  elastic  recoil  of  Henle's  membrane,  becomes 
curled  up  inside  the  vessel,  and  may  completely  occlude  it.  Tliis  com- 
bination of  contraction  and  retraction  of  the  walls  of  the  vessel  is 
sufficient  in  some  cases  immediately  to  arrest  haemorrhage,  even 
from  a  large  artery,  such  as  the  popHteal,  if  it  be  torn  across  and 
not  cut. 

The  change  from  fibrinogen  to  fibrin  first  takes  place  outside  tlie 
blood-vessel,  forming  an  external  clot  and  diminishing  the  flow  by 
mechanical  pressure.  As  the  flow  becomes  progressively  less,  coagula- 
tion occurs  in  the  mouth  of  the  vessel,  and  gradually  invades  the 
lumen,  forming  an  internal  clot  which  eft'ectually  arrests  the  flow. 
The  formation  of  this  clot  in  the  mouth  of  the  vessel  is  aided  not  only 
by  the  local  conditions  described  above,  but  also  by  general  condi- 
tions which  are  important  and  influence  the  treatment  of  haemorrhage. 
As  the  blood  escapes  from  the  vessels  and  its  total  cjuantity  in 
the  body  diminishes,  there  tends  to  be  a  fall  in  the  blood  25ressure. 
This  tendency  to  fall  is  counteracted  by  increased  frequency  and  force 
of  the  heart's  beat  and  by  contraction  of  the  blood-vessels  generally,  so 
that  a  large  loss  of  blood  can  occur  without  materially  affecting  the 
general  blood  pressure.  But  as  the  loss  continues  the  heart  beats  less 
and  less  forcibly,  the  blood-vessels  dilate,  and  the  blood  pressure 
begins  to  fall,  with  a  corresponding  diminution  in  the  force  and  quan- 
tity of  the  flow  from  the  damaged  vessel.  This  change  favours 
coagulation  in  the  vessel  and  helps  to  control  the  haemorrhage  ;  there- 
fore the  larger  the  quantity  of  blood  lost  the  greater  the  tendency 
to  natural  arrest.  It  follows  that  stimulants  wliich  increase  the 
force  of  the  heart's  beat  and  raise  the  blood  pressure  shoidd  never  be 
given  in  cases  of  haemorrhage  until  all  the  bleeding  has  been  securely 
stopped. 

With  the  escape  of  blood  from  the  blood-vessels  a  second  pheno- 
menon occurs  which  also  aids  the  coagulation.    The  number  of  white 
corpuscles  increases,  and  there  is  a  flow  of  lymph  from  the  lymphatic 
u 


306  CONSTITUTIONAL  DISTURBANCES 


channels  into  the  emptying  vascular  system.  This  causes  a  greater 
coagulability  of  the  blood,  and  the  change  from  fibrinogen  to  fibrin 
is  brought  about  with  great  rapidity.  Severe  haemorrhage  therefore 
favours  its  own  natural  arrest. 

A  point  of  importance  to  be  noted  here  is  that  whilst  retraction  of 
the  coats  of  the  vessel  helps  the  natural  arrest  of  haemorrhage  if 
the  vessel  be  cut  completely  across,  it  will  hinder  it  if  the  vessel 
be  only  partly  severed.  The  retraction  in  this  case  will  cause  the 
wound  in  the  vessel  to  gape,  and  thus  favour  the  loss  of  blood. 
These  lateral  wounds,  even  in  small  arteries  or  veins,  will  often 
bleed  severely,  but  arrest  can  frequently  be  brought  about  by 
completely  severing  the  vessel,  retraction  then  tending  to  check 
the  haemorrhage. 

Permanent  arrest. — A  wound  in  an  artery  heals  in  exactly 
the  same  way  as  a  wound  in  any  other  tissue  :  by  the  formation  of 
granulation  tissue,  which  joins  the  cut  surfaces  together  and  then 
gradually  changes  to  fibrous  tissue  that  contracts  and  finally  seals  and 
obliterates  the  lumen  of  the  blood-vessel.  The  coagulum  takes  no 
part  in  the  final  healing  of  the  wound  in  the  vessel,  except  to  form 
a  scafi'old  on  which  the  granulation  tissue  is  laid  down.  The  granu- 
lation tissue  is  formed  by  a  multiplication  of  the  original  cells 
of  the  part,  including  the  endothelial  cells  of  the  vessel,  whilst 
the  new  capillaries  are  budded  out  from  the  vasa  vasorum.  The 
coagulated  blood  is  gradually  removed  by  the  phagocytes,  and  its 
place  taken  by  the  granulation  tissue.  Fibres  of  white  fibrous  tissue 
are  then  formed  in  the  granulation  tissue  and  stretch  across  the  gap 
in  the  vessel,  which  thus  becomes  permanently  sealed  by  a  mass  of 
fibrous  tissue. 

Recovery  from  hfemorrhage  is  not,  however,  coincident  with  either 
the  temporary  or  the  permanent  arrest  of  the  blood  flow,  for  the  general 
effects  have  to  be  considered,  and  recovery  can  only  be  said  to  occur 
when  the  quantity  and  quality  of  the  blood  in  the  body  have  been 
restored  to  normal. 

Shortly  after  a  severe  hsemorrhage  the  specific  gravity  of  the  blood 
is  found  to  be  lowered,  showing  a  diminution  in  the  solids  in  solution  and 
an  increase  in  the  water ;  a  leucocytosis  is  also  present,  nucleated  red 
blood-corpuscles  are  seen,  and  the  red  cells  are  diminished  in  number 
and  in  their  individual  haemoglobin  content.  The  condition  of  the 
blood  is  that  of  a  secondary  ansemia. 

In  the  case  of  a  young  subject  recovery  from  this  ansemia  is  rapid, 
especially  if  food  be  freely  taken  and  iron  be  given  ;  but  in  an  elderly 
patient  it  is  slow,  the  blood-forming  organs  being  partially  exhausted, 
so  that  in  old  age  a  severe  haemorrhage  leaves  traces  in  a  permanent 
ansemia  and  a  lessened  vitality  of  all  the  tissues. 
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SYMPTOMATOLOGY 

The  symptoms  of  hfemorrliage  naturally  fall  into  two  groups — 
general  and  local.  The  general  symptoms  are  the  same  for  all  varie- 
ties of  hsemorrhage,  and  depend  upon  the  amount  of  blood  lost,  while 
the  local  symptoms  depend  upon  wliether  the  bleeding  is  arterial, 
venous,  or  capillary,  external  or  concealed,  primary  or  secondary  ;  and 
the  treatment  locally  varies  with  local  conditions. 

General  symptoms  of  haemorrhage. — As  the  hamor- 
rhage  proceeds,  the  patient  Ijecomes  increasingly  paler,  the  pallor 
being  most  easily  determined  by  the  colour  of  the  mucous  membranes 
and  conjunctivse.  The  body  is  usually  covered  with  sweat ;  the  patient 
becomes  more  and  more  restless,  throwing  the  arms  about  and  moving 
in  bed  ;  complaints  are  made  of  thirst ;  the  pulse-rate  is  raised  steadily, 
and  the  tension  of  the  pulse  falls,  but  not  the  volume.  Respiration 
becomes  deejier  and  cjuicker,  and  finally  is  sighing  (air-hunger)  ;  the 
temperature  tends  to  fall  below  normal,  and  the  extremities  become 
cold.  Vomiting  is  common,  and  the  patient  has  attacks  of  syncope, 
during  which  he  loses  consciousness  ;  the  pupils  become  dilated,  and 
dimness  of  vision  or  sudden  loss  of  sight  (amaurosis)  occurs  ;  and 
there  is  a  singing  or  buzzing  in  the  ears.  Finally,  the  musculature  is 
relaxed,  the  heart  fails,  Cheyne-Stokes  respiration  and  unconscious- 
ness supervene,  and  death  follows. 

Local  symptoms.  Primary  arterial  haemorrhage. — In 
the  case  of  a  severed  artery  the  blood  is  bright  red  in  colour,  is 
rapidly  lost,  and  spurts  out  of  the  vessel  with  considerable  force  in  a 
series  of  jerks  corresponding  to  the  beats  of  the  heart ;  the  rate  of 
loss  is  such  that  if  a  large  artery — e.g.  the  common  carotid — is  severed, 
death  will  ensue  in  less  than  two  minutes.  An  apparent  exception 
to  the  intermittent  flow  of  arterial  hfemorrhage  is  seen  when  an  artery 
is  cut  at  the  bottom  of  a  deep,  narrow  woimd.  In  this  case  the  blood, 
although  arterial,  may  flow  evenly  away  from  the  mouth  of  the  lesion, 
the  intermittence  being  lost  in  the  depth  of  the  wound. 

The  chief  flow  takes  place  from  the  proximal  (heart)  end  of  the 
divided  artery,  but  in  vessels  with  a  free  anastomosis  hfemorrhage 
from  the  distal  end  is  often  severe  and  deserving  of  consideration  in 
treatment  ;  it  accounts  for  some  cases  of  intermediate  lux'morrhage, 
the  collateral  circulation  on  being  established  causing  bleeding  from 
the  unsecured  distal  end  of  an  artery. 

Primary  venous  haemorrhage.- — In  venous  haemorrhage  the 
blood  escapes  comj^aratively  slowly  from  the  vessels,  owing  to  the 
low  blood-pressure  ;  but  the  volume,  if  a  large  vein  such  as  the  internal 
jugular  be  severed,  may  be  considerable.  Tlie  blood,  as  a  rule,  flows 
evenly  and  smoothly  from  the  woimd  and  is  dark  in  colour  ;  in  venous 
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hsemorrliage  from  acutely  inflamed  tissue,  however,  the  colour  of 
the  blood  is  much  lighter  than  usual.  Intermittent  flow  from  veins 
is  seen  in  haemorrhage  from  the  great  veins  of  the  neck  and  from  all  the 
large  veins  that  are  influenced  by  the  thoracic  movements,  especially 
if  the  blood  comes  from  a  lateral  opening  in  the  vein.  The  inter- 
mittency  of  the  flow  is  not  dependent  upon  the  heart's  beat,  but  upon 
the  movements  of  respiration.  On  inspiration  the  negative  pressure 
in  the  thorax  is  increased,  the  venous  return  is  quickened,  the  veins 
tend  to  collapse,  and  the  flow  diminishes.  It  is  at  this  moment  that 
entrance  of  air  into  the  veins  is  to  be  feared.  With  expiration  the 
negative  pressure  in  the  thorax  is  diminished  and  may  give  place  to 
a  positive  pressure,  the  veins  swell,  and  the  flow  fi-om  them  is  increased. 

Haemorrhage  chiefly  takes  place  from  the  distal  end  of  a  vein,  bleed- 
ing from  the  proximal  end  being  ^^revented  by  the  valves  ;  but  it  may 
be  severe  from  the  proximal  end  in  cases  of  varicose  veins  where  the 
valves  are  incompetent,  in  veins  that  have  no  valves,  and  in  those 
that  are  markedly  influenced  by  the  movements  of  respiration. 

Air  in  veins. — Air  may  be  sucked  into  veins  by  the  negative 
pressure  in  the  thorax,  especially  if  the  great  veins  of  the  neck  are 
wounded  during  an  operation.  This  accident  can  be  diagnosed  by 
a  curious  characteristic  sucking  noise.  If  only  a  small  amoimt  of 
air  finds  entrance  no  symptoms  follow,  but  if  the  quantity  is  large  the 
heart's  action  becomes  irregular,  respu-ation  is  embarrassed,  syncope 
follows  with  cyanosis,  and  in  severe  cases  the  patients  die.  This 
train  of  events  is  brought  about  through  the  frothing  of  the  blood  by 
the  air.  The  frothed  blood  in  the  heart  interferes  with  the  action 
of  the  valves,  and  heart  failure  is  the  result. 

Primary  capillary  haemorrhage. — Capillary hasmorrhage shows 
itself  as  a  continuous  ooze  of  red  blood  from  many  points  of  a 
raw  surface  or  mucous  membrane.  As  a  rule,  it  soon  ceases  spon- 
taneously, and  is  only  dangerous  under  certain  conditions  which  may 
be  either  local  or  general.  The  local  condition  causing  danger  is  the 
large  size  of  the  bleeding  surface,  such  as  the  wall  of  a  large  tubercular 
abscess  after  scraping,  or  the  uterus  after  removal  of  the  placenta  ; 
but  haemorrhage  from  these  sources  is  usually  readily  arrested  by 
appropriate  treatment.  Far  more  important  are  the  general  condi- 
tions, for  when  these  are  present  capillary  hajmorrhage  may  prove 
fatal  even  when  the  bleeding  occurs  from  a  small  surface.  The 
most  important  general  causes  of  continuous  capillary  haemorrhage 
are  certain  general  diseases,  such  as  scurvy,  leucocythaemia,  certain 
blood  diseases,  as  Henoch's  purpura,  and  certain  chronic  intoxica- 
tions, as  jaundice.  To  these  must  be  added  the  curious  family  disease 
haemophilia  (p.  320).  In  all  these  conditions  capillary  haemorrhage 
may  prove  fatal  in  spite  of  the  most  careful  general  and  local  treatment. 
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Intermediary  haemorrhage. — This  has  ah-eady  been  defined  as 
a  recurrence  of  primary  hemorrhage  after  it  has  once  ceased,  with  the 
excejDtion  of  recurrence  due  to  sepsis.  It  was  formerly  defiiied  as 
haemorrhage  recurring  within  twenty-four  hours  of  the  original  wound, 
but  this  definition  is  altogether  artificial.  The  most  common  cause 
is  the  increase  of  blood  pressure  following  recovery  from  the  shock 
of  an  operation.  As  shock  passes  off,  the  heart  beats  more  forcibly, 
the  blood  pressure  rises,  and  the  temporary  clot  may  be  displaced 
from  the  blood-vessel  and  the  h?emorrhage  restarted.  Other  causes 
are  the  slipping  of  a  ligature  due  to  incautious  movements  on  the  part 
of  the  patient,  the  increase  of  blood  pressure  due  to  the  giving  of  stimu- 
lants forcing  clots  out  of  imtied  vessels,  and  bleeding  occurring  from 
the  distal  end  of  arteries  after  the  establishment  of  the  anastomotic 
circulation.  The  symptoms  are  the  same  as  those  of  primary  hsemor- 
rhage,  and  the  treatment  follows  along  the  same  lines. 

Concealed  or  internal  haemorrhage. — This  form  of  h;emor- 
rhage  is  frequently  intermediary,  occurring  after  operations  on  the 
abdomen  or  thorax.  It  also  occurs  after  injury  to  the  various  viscera 
in  the  abdomen  and  thorax,  and  after  operations  on  the  rectum  or 
bladder. 

The  diagnosis  mainly  rests  on  the  general  symptoms  and  physical 
signs  of  haemorrhage  ;  but  the  history  and  local  physical  signs  are 
often  of  importance.  Thus  in  the  abdomen  there  may  be  signs  of 
free  fluid  in  the  peritoneal  cavity,  or  dullness  on  one  or  the  other  side; 
in  the  thorax  there  may  be  signs  of  fluid  in  one  pleural  cavity  and 
compression  of  the  corresponding  lung,  whilst  in  the  rectum  and 
bladder  examination  may  show  these  cavities  to  be  filled  with  blood- 
clot.  This  variety  of  h;emorrhage  is  usually  extremely  dangerous, 
and  after  operation  or  injury  the  diagnosis  from  shock  may  be  very 
difficult.  The  treatment  is  governed  by  the  same  principles  as  apply 
in  the  case  of  external  haemorrhage. 

Secondary  haemorrhage.— This  form  of  haemorrhage  has  been 
defined  as  haemorrhage  due  to  ulceration  that  opens  a  blood-vessel 
before  thrombosis  has  occurred  in  it.  Primary  ha?morrliage  may  or 
may  not  be  an  antecedent. 

The  condition  is  perhaps  best  exemplified  by  secondary  haemorrhage 
occurrmg  from  the  vessels  of  Ihe  stump  of  an  amputation  woiuid  which 
has  become  septic.  At  the  time  of  the  operation  primary  haemorrhage 
was  securely  arrested  by  ligature.  In  septic  conditions  there  is  a 
liquefaction  of  the  tissues  by  the  peptonizing  action  of  bacterial  pro- 
ducts, causing  the  formation  of  pus,  and  this  process  afi'ects  the  arteries 
and  veins  as  well  as  the  other  tissues.  When  a  blood-vessel  becomes 
inflamed,  the  blood  in  it  coagulates,  and,  as  a  rule,  when  the  wall  of 
the  vessel  breaks  down  under  the  septic  process,  haemorrhage  does  not 
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occur  ;  but  when  the  process  is  very  virulent,  especially  when  the 
blood  I  ressui'e  is  high,  as  it  is  in  the  large  vessels  of  an  amputation 
stump,  ihe  vessel  wall  either  gives  way  before  thrombosis  has  occurred, 
or  the  thrombus  is  quickly  liquefied  and  the  vessel  opened.  In 
these  circumstances  secondary  hsemorrhage  occurs.  It  is  also  met 
with  when  breaking-down  malignant  growths  ulcerate  into  large  blood- 
vessels, the  condition  here,  too,  being  due  to  sepsis. 

Again,  secondary  hsemorrhage  occurs  in  chronic  inflammatory  pro- 
cesses, such  as  tubercle.  The  chronic  inflammatory  process  weakens 
the  vessel  wall,  with  the  result  that  the  blood  pressure  in  the  vessel 
causes  the  formation  of  a  small  aneurysm  which  ultimately  bursts. 
This  is  the  usual  cause  of  hsemorrhage  from  the  hmgs  in  tubercular 
disease. 

Other  examples  of  secondary  haemorrhage  are  the  hsemorrhage  that 
occurs  in  typhoid  fever  due  to  ulceration  opening  the  intestinal  vessels, 
and  the  ha;morrhage  in  gastric  and  duodenal  ulcers. 

The  diagnosis  of  secondary  hsemorrhage,  which  may  be  either 
external  or  concealed,  arterial  or  venous,  is  made  in  the  same  way 
as  the  diagnosis  of  primary  hsemorrhage  ;  but  there  is  one  point  that 
deserves  special  mention,  namely,  the  small  initial  hsemorrhage  that 
frequently  precedes  the  large  and  often  final  hsemorrhage.  Thus,  on 
dressing  a  septic  amputation  stump,  the  dressing  may  be  foimd  to  be 
soaked  in  blood,  although  no  bleeding  is  occurring  at  the  time  ;  and 
this  may  be  repeated  two  or  three  times  before  the  vessel  completely 
gives  way  and  fatal  hsemorrhage  results.  These  warnings  are  due  to 
partial  opening  of  the  vessel  and  then  re-establishment  of  the  clot, 
and  are  useful  as  indicating  the  need  for  the  immediate  adoption  of 
measures  to  prevent  further  haemorrhage  ;  but  they  are  not  constant, 
and  a  profuse  flow  of  blood  teiminating  fatally  may  be  the  first  indica- 
tion of  secondary  hsemorrhage.  In  the  modern  treatment  of  septic  con- 
ditions of  the  limbs  by  continuous  warm  baths,  secondary  hsemorrhage 
is  peculiarly  dangerous.  The  limb  is  placed  in  a  bath  which  is  covered 
to  previ  nt  escape  of  heat,  and  it  is  kept  there  for  hours.  Should 
secondar}^  hsemorrhage  occur,  the  blood  may  flow  into  the  bath,  and 
as  the  condition  is  painless  the  hsemorrhage  may  only  be  suspected 
when  the  patient  shows  marked  signs  of  loss  of  blood.  I  have 
met  with  two  fatal  cases  of  secondary  hsemorrhage  that  occurred  in 
this  way. 

TREATMENT 

The  treatment  of  hsemorrhage  may  be  considered  under  the  head- 
ings geneial  and  local,  the  foimer  being  concerned  with  the  effects  of 
lhe  loss  of  blood  until  it  has  been  replaced,  and  therefore  extending 
over  weeks  or  months,  as  well  as  with  its  immediate  arrest,  and  the 
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latter  with  the  best  means  of  stopping  the  loss  by  local  treatment  of 
the  bleedino-  vessel. 

General  treatment. — The  indications  for  general  treatment 
are  as  follows  : — ■ 

1.  To  produce  such  conditions  as  will  favour  the  clotting  of 
,     the  blood  in  the  vessels  and  so  bring  about  the  temporary  arrest 

of  hcemorrliage. 

2.  To  keep  the  brain  supplied  with  blood  during  the  period 
of  actual  loss  while  the  patient  is  in  the  condition  of  shock  due 
to  loss  of  blood. 

3.  To  supply  the  actual  amount  of  fluid  lost  by  the  liferaor- 
rhage  and  so  maintain  the  arterial  blood  pressure  and  combat 
shock. 

4.  To  stimulate  as  far  as  possible  the  blood-forming  organs, 
so  that  they  may  quickly  replace  both  in  quantity  and  quality 
the  blood  which  has  escaped. 

The  methods  of  meeting  these  indications  will  be  discussed  under 
various  headings. 

Posture. — In  the  majority  of  cases  of  hsemorrhage,  especially 
surgical  haemorrhage,  the  patient  should  be  placed  lying  in  bed  with 
the  foot  of  the  bed  raised  so  that  the  head  is  the  lowest  part  of  the 
body,  and  the  pillow  should  be  removed.  This  posture  will  favour  a 
good  supply  of  blood  to  the  vital  centres  in  the  medulla,  without 
which  life  cannot  continue.  The  jiatient  should  be  kept  warm  with 
hot-water  bottles  placed  in  the  bed,  but  heat  sufficient  to  cause  sweat- 
ing should  be  avoided.  Restlessness,  which  is  often  a  distressing 
symptom,  should  be  quietly  restrained,  and  as  far  as  possible  the 
patient  should  be  reassured.  In  cases  of  bleeding  from  a  large  wound, 
and  when  the  haemorrhage  can  be  temporarily  arrested,  if  there  is  no 
shock  the  patient  should  be  anagsthetized  as  soon  as  possible  to  permit 
thorough  aseptic  treatment  of  the  wound  as  well  as  more  secure  arrest 
of  the  bleeding. 

Drugs. — Morphia,  given  preferably  by  hypodermic  injection,  is 
often  useful  to  prevent  restlessness  and  to  act  as  a  general  sedative, 
especially  in  cases  where  there  is  severe  pain  as  well  as  haemorrhage. 
It  is  particularly  valuable  in  those  cases  of  bleeding,  such  as  from  the 
lungs,  stomach,  or  intestine,  in  which  surgical  interference  is  contra- 
indicated  or  impossible,  and  reliance  must  be  entirely  placed  on  the 
natural  temporary  arrest,  aided  by  general  treatment.  It  has  no 
direct  value  in  arresting  haemorrhage. 

Ergot  (or  its  preparations,  or  its  alkaloid),  given  hypodermically, 
causes  a  contraction  of  llie  muscular  coats  of  the  arteries,  and  so 
diminishes  tiie'.v  lumina  and  the  size  of  the  blood-stream  ;  at  the  same 
time  it  raises  the  blood  pressure  by  peripheral  vaso-constiiction  and 
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so  increases  the  force  of  the  stream.  This  general  rise  of  blood  pressure 
may  more  than  counteract  the  good  local  effect  of  th3  contracted 
arteries,  and  the  loss  of  blood  may  be  increased.  This  drug  is  probably 
only  of  marked  value  in  bleeding  from  the  uterus.  It  has  the  same 
effect  on  the  unstriped  muscidar  tissue  of  this  organ  as  on  the  middle 
coat  of  the  arteries,  and,  by  causing  strong  muscular  contraction, 
squeezes  the  veins  and  blood-sinuses  in  the  uterine  wall  and  so  arrests 
the  bleeding. 

Ergot  is  largely  used  in  midwifery  and  gynaecology,  being  par- 
ticularly valuable  in  post-partum  hcemorrhage,  and  it  has  also  been 
xised  in  the  treatment  of  haemoptysis. 

Acetate  of  lead,  tannic  acid,  gallic  acid,  adrenalin,  and  hamamelis 
have  all  been  used  as  general  hsemostatics  on  account  of  their  vaso- 
constrictor action  ;  but  they  are  probably  of  little  value,  whether 
given  by  the  mouth  or  hypodermically. 

Calcium  chloride. — This  drug  has  been  largely  used,  both  in  the 
prophylaxis  and  in  the  treatment  of  haemorrhage  ;  but  its  value  is 
doubtful.  In  the  phenomenon  of  coagulation  of  the  blood  calcium 
salts  play  a  large,  if  not  thoroughly  understood,  part.  Blood  deprived 
of  its  calcium  salts  will  not  clot,  and  in  haemophilia  the  blood  is  said  to 
be  deficient  in  calcium.  The  rationale  of  giving  calcium  chloride  is 
to  supply  the  calcium  lacking  in  the  blood  or  to  increase  it  in  quantity. 
It  has  been  used  in  the  treatment  of  bleeding  in  liEemophilics,  and 
lias  been  largely  given  both  before  and  after  operations  to  patients  in 
whom  difficulty  of  arresting  hcemorrhage  was  anticipated.  Thus  it  is 
given  to  patients  suffering  from  jaundice,  pancreatic  disease,  leuco- 
cythaemia,  etc.  The  value  of  the  drug  in  these  cases  has  been  much 
called  in  question,  and  many  surgeons  have  discarded  its  use  altogether 
in  jaundiced  patients,  but  others  insist  on  its  value  and  give  it  in  all 
cases.  The  questions  of  its  dosage  and  the  length  of  time  during  which 
it  is  given  are  probably  important,  and  variations  in  these  may  account 
lor  some  of  the  discrepancies  in  accounts  of  its  value.  The  probability 
is  that  it  does  no  harm  and  can  be  given  in  suitable  cases  without  fear. 
When  it  is  decided  to  use  the  drug  in  cases  of  jaundice,  it  should  be 
given  in  30-grain  doses  every  four  hours  for  a  day  or  two  before  the 
operation,  and  its  use  continued  afterwards  for  three  or  four  days, 
either  by  the  mouth  or,  if  this  is  inadvisable,  by  rectal  injection. 

Stimulants. — The  effect  of  stimulants,  alcohol,  strychnine, 
caffeine,  etc.,  is  to  increase  for  a  longer  or  shorter  period  the  force  of 
the  heart's  beat.  This  raises  the  arterial  pressure,  if  vaso-dilatation 
does  not  occur,  and  will  increase  the  haemorrhage.  Many  cases  of 
intermediary  haemorrhage  are  undoubtedly  caused  by  the  injudicious 
use  of  stimulants,  the  increased  blood  pressure  forcing  the  temporary 
clots  out  of  those  blood-vessels  which  have  not  been  securely  tied. 
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It  may  therefore  be  laid  down  as  a  general  rule  that  all  stimulants, 
alcoholic  and  otherwise,  are  to  be  avoided  until  the  blood-vessels  have 
been  securely  ligatured.  When  this  has  been  done,  stimulants  may  be 
•of  use  in  maintaining  the  heart's  action  until  more  efficacious  methods 
•of  treating  shock  due  to  excessive  loss  of  blood  can  be  carried  out. 
This  question  will  be  furtlier  discussed  under  the  Treatment  of  Shock 
(p.  331).  The  lower  the  blood  pressure  falls  the  greater  the  tendency 
to  the  formation  of  clot  in  the  mouths  of  the  blood-vessels,  and  in  cases 
•of  concealed  haemorrhage  and  in  hfcmorrhage  from  the  lungs  and  intes- 
tines the  life  of  the  patient  depends  upon  the  formation  of  this  clot. 
To  raise  the  blood  pressure,  even  for  a  time,  by  giving  stimulants  is 
bad  surgery,  and  may  directly  cause  the  patient's  death. 

Transfusion  and  infusion. — After  all  hfemorrhage  has  been 
securely  arrested  the  strongest  indication  in  the  general  treatment 
of  the  condition  is  to  supply  the  vascular  system  with  the  fluid  which 
has  been  lost,  and  so  maintain  the  blood  pressure  on  which  life  dej)ends 
and  effectually  nourish  tlie  tissues.  The  indication  can  be  met  by 
directly  transfusing  living  blood  from  another  human  being  into  the 
veins  of  the  patient.  Direct  transfusion,  in  spite  of  its  obvious 
■difficulties,  has  been  tried  at  various  times  for  centuries,  Init  it  is 
only  recently  that  it  has  been  used  with  anything  like  uniform 
success.  It  has  been  shown  by  experiments  on  animals  that  the 
xed  corpuscles  of  the  transfused  blood  may  rapidly  disintegrate, 
and  that  the  hsemogiobin  thus  set  free  may  bring  about  a  rapid 
destruction  of  the  white  corpuscles  and  so  cause  a  marked  accumu- 
lation of  fibrin  ferment  in  the  blood,  which  may  lead  to  exten- 
sive intravascular  clotting.  Defibrinated  blood  has  also  been  used, 
but  its  injection  has  often  been  followed  by  dyspncea,  diarrhcea,  and 
blood-stained  effusions  into  the  serous  cavities.  These  results  are 
believed  to  be  due  to  poisoning  by  the  fibrin  ferment  in  the  blood, 
and  this  method  has  been  entirely  abandoned. 

Transfusion  of  blood  from  another  species  of  animal — in  the  case 
of  liuilian  beings  sheejj's  blood  lias  been  most  extensively  tried— 
is  more  dangerous  than  transfusion  of  blood  of  the  same  species. 
Rigors,  pyrexia,  hfemoglobinuria,  and  death  have  followed  this  method 
of  treatment. 

Of  late  years  direct  transfusion  of  blood,  which  had  been  almost 
entirely  given  up,  has  been  advocated  if  given  under  a  proper  tech- 
nique. The  radial  artery  of  the  donor  is  anastomosed  with  the  median 
basilic  vein  of  the  recijjient,  either  by  direct  suture  or  by  means  of  a 
cannula,  and  the  blood  allowed  to  flow  for  abou  twenty  minutes. 
Crile,  the  chief  of  those  who  have  advocated  this  method,  claims  good 
results,  and  states  that  there  is  usually  no  difficulty  in  getting  a  donor. 
Direct  transfusion  will  be  considered  again  under  Shock  (p.  337). 
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If  direct  transfusion  of  blood  be  not  used,  fluid  may  be  given  in 
various  ways  : — 

1.  By  the  mouth. — After  an  operation,  if  the  patient  is  conscious 
and  there  are  no  contra-indications,  such  as  bleeding  from  the  stomach 
or  vomiting,  fluid  (milk,  water,  albumin-water,  etc.)  should  be  given 
fieely  by  the  mouth.  The  patient  should  be  encouraged  to  take  large 
quantities  of  hot  liquids,  which  will  be  rapidly  absorbed  from  the 
gastro-intestinal  tract  and  make  good  the  deficiency  of  fluid  in  the 
vascular  system.  Thirst,  which  is  one  of  the  distressing  symptoms 
after  a  large  hfemorrliage,  is  relieved  in  this  way,  and  no  limit  should 
be  placed  on  the  amount  of  fluid  given  to  the  patient. 

2.  By  the  rectum.- — If  the  giving  of  fluid  by  the  mouth  is  contra- 
indicated  for  any  reason,  hot  normal  saline  solution  can  be  given  by 
the  rectum,  as  it  is  rapidly  absorbed  by  the  mucous  membrane.  Two 
or  three  pints  should  be  run  into  the  rectum  by  means  of  a  funnel 
and  tube  very  slowly  so  as  not  to  act  as  an  enema.  It  may  also  be 
given  continuously  for  hours,  about  half  a  pint  each  hour. 

3.  Subcutaneously . — Normal  saline  fluid  can  also  be  injected  into  the 
subcutaneous  tissue,  and  will  be  absorbed  into  the  blood-  and  lymph- 
streams.  In  males  the  loose  skin  of  the  groin  or  axilla  is  the  site 
chosen,  and  in  females  it  can  be  injected  under  the  breast,  between 
it  and  the  pectoral  muscles. 

4.  Intravenously. — The  injection  of  normal  saline  fluid  directly  into 
a  vein  is  the  most  rapid  method  of  supplying  fluid  to  the  vascular  sys- 
tem, and  therefore,  as  the  indication  in  severe  hfemorrhage  is  quickly 
to  replace  the  fluid  that  has  been  lost,  tliis  method  is  to  be  preferred  in 
such  cases.  The  fluid  used  is  a  solution  of  sodium  chloride  (common 
salt)  and  water  in  the  proportion  of  1  drachm  of  salt  to  1  pint  of  water, 
both  the  salt  and  the  water  being  sterilized.  Some  surgeons  add  a 
small  quantity  of  potassium  chlorate  to  the  salt  and  water  in  order 
to  render  it  neutral,  as  acid  or  alkaline  solutions  may  be  dangerous ; 
it  has  also  been  proposed  to  add  from  3  per  cent,  to  5  per  cent,  of 
sugar  so  as  to  form  a  nutritive  fluid  and  to  favour  osmosis  from  the 
tissues  to  the  blood-vessels. 

Technique  of  intravenous  infusion. — In  cases  of  amputation,  or 
where  a  large  artery  is  cut  across,  infusion  of  saline  fluid  may  be  made 
directly  into  the  vessel,  but  this  has  been  found  to  have  no  advan- 
tage over  intravenous  infusion.  The  vein  usually  selected  is  the 
median  basilic  vein  of  the  left  arm,  as  it  is  generally  large  and  con- 
stant in  position.  The  surrounding  skin  is  rendered  as  sterile  as 
possible  in  the  manner  usually  employed  before  an  operation.  A 
bandage  is  wrapped  round  the  upper  arm  so  as  to  retard  the  venous 
return  and  render  the  vein  prominent.  An  oblique  incision  is  made 
across  the  vein,  which  is  quickly  exposed  in  the  subcutaneous  tissue. 
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and  a  double  ligature  is  passed  round  it  and  the  lower  end  secured. 
A  small  slit  is  then  made  across  the  vein  and  the  cannula  introduced 
and  secured  in  the  vein  by  means  of  the  upper  ligature.  The 
bandage  round  the  upper  arm  is  then  removed. 

The  saline  fluid,  which  should  be  at  a  temperature  of  lO'f  F.,  may 
be  injected  by  means  of  a  syringe  with  a  double  way  or  run  into  the 
vein  directly  from  a  flask  raised  slightly  above  the  level  of  the  arm. 
The  infusion  should  be  carried  out  slowly  under  slight  pressure,  and 
great  care  should  be  taken  that  no  air  enters  with  the  fluid,  otherwise 
serious  consequences  may  result.  From  two  to  five  pints,  according 
to  the  amount  of  blood  lost,  the  age  of  the  patient,  and  the  degree 
of  shock,  should  be  infused,  and  the  infusion  may  be  repeated  if 
desirable. 

If  during  the  infusion  the  patient  should  become  dyspnojic  and 
cyanosed,  or  suffer  from  syncope,  the  infusion  must  be  at  once  stopped, 
and  artificial  respiration  carried  out  if  necessary. 

When  sufficient  fluid  has  been  injected,  as  shown  by  the  state  of 
the  pulse,  the  cannula  is  removed  and  the  proximal  end  of  the  vein 
tied.  The  wound  in  the  arm  is  sutured  and  a  light  dressing  applied. 
It  should  be  remembered  that  the  brachial  artery  lies  immediately 
beneath  the  vein,  separated  from  it  by  the  bicipital  fascia,  and  that 
injury  to  this  artery  may  result  in  an  arterio-venous  aneurysm.  Intra- 
venous saline  infusion  is  not  infrequently  followed  by  a  mUd  rigor 
and  a  slight  rise  of  temperature,  but  there  are  no  permanent 
ill  effects. 

It  must  be  clearly  imderstood  that  the  infusion  of  fluid  is  contra- 
indicated  until  the  htemorrhage  has  fuially  ceased  and  the  vessel 
has  been  securely  closed,  although  Crile  believes  that  direct  transfusion 
of  blood  will  bring  about  an  arrest  of  heemorrhage,  as  well  as  relieve 
its  consec^uences. 

After  a  severe  luvmorrhage  that  does  not  terminate  fatally,  the 
blood-serum  is  rapidly  restored  by  absorption  of  water,  albumin,  and 
salts  from  the  tissues  ;  but  the  restoration  of  the  red  blood-corpuscles 
takes  longer.  These  corpuscles  are  manufactured  by  the  red  bone- 
marrow  of  the  long  bones  and  the  vertebra^.  In  young  subjects 
regeneration  begins  after  forty-eight  hours,  and  the  process,  even 
following  a  severe  htTemorrhage,  is  complete  in  six  weeks,  and  often 
sooner  :  but,  as  has  already  been  pointed  out.  in  the  elderly  and  aged 
a  serious  loss  of  blood  seldom  ends  in  complete  recovery,  the  patient 
remaining  permanently  anaemic. 

After  a  loss  of  blood  the  patient  should  be  placed  imder  tlie  oest 
hygienic  conditions,  with  plenty  of  fi-esh  air  and  smilight.  The  diet 
should  be  plentiful,  light,  and  nutritious  ;  whilst  iron,  arsenic,  tonics, 
and  cod-liver  oil  should  be  given. 
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There  are  no  drugs  which  are  known  to  act  specifically  upon  the 
blood-forming  organs. 

First-aid  treatment  of  primary  arterial  haemor- 
rhage.-— The  wound  should  be  thoroughly  exposed  and  the  thumb 
of  one  hand  pressed  firmly  into  it,  pressure  being  made,  if  possible, 
directly  on  the  spurting  artery.  This  is  frequently  sufficient  to  stop 
the  haemorrhage  ;  but  if  not,  or  if  the  vessel  cannot  be  compressed 
in  the  wound,  the  thumb  of  the  other  hand  should  make  firm  pressure 
on  the  main  artery  supplying  the  area  in  which  the  wound  is,  nearer 
the  heart  than  the  womid,  the  artery  being  firmly  compressed  against 
an  adjacent  bone.  Each  of  the  main  arteries  has  its  special  place  where 
compression  can  be  most  readily  and  effectually  carried  out,  and  the 
most  severe  haemorrhage  can  usually  be  arrested  temporarily  in  this 
way,  exceptions  being  the  very  large  arteries,  such  as  the  aorta  or  the 
innominate. 

Digital  compression,  as  described  above,  will  be  found  to  be  very 
tiring,  and  cannot  be  maintained  for  very  long,  so  as  quickly  as  pos- 
sible a  tourniquet  should  be  improvised  and  firmly  secured  round  the 
limb  above  the  bleeding- point,  care  being  taken  that  it  is  sufficiently 
tight  to  arrest  the  arterial  flow,  and  not  merely  to  compress  the  veins 
and  so  increase  the  amount  of  blood  lost.  A  tourniquet  can  only  be 
left  in  position  for  about  two  hours,  as  a  longer  application  than  this 
causes  danger  of  gangrene,  and  the  pressm'e  is  usually  very  painful. 
Therefore  it  should  be  removed  as  soon  as  possible,  the  vessels  being 
tied  to  prevent  haemorrhage.  Although  the  first  indication  in  haemor- 
rhage is  to  arrest  the  bleeding,  yet  the  rules  of  asepsis  should  not  be 
entirely  neglected,  but  should  be  carried  out  as  well  as  circumstances 
will  admit. 

Deliberate  treatment  of  primary  arterial  haemor- 
rhage.— Three  rules  may  be  laid  down  as  the  prmciples  on  which 
primary  arterial  haemorrhage  is  treated  : — 

1.  If  the  haemorrhage  has  stopped  spontaneously,  no  further 
treatment  is  necessary.  Of  course,  it  must  be  understood  that 
during  the  necessary  routine  cleansing  of  an  accidental  wound  the 
haemorrhage  may  be  restarted,  and  then  the  treatment  laid  down  by 
the  next  two  rules  must  be  carried  out. 

2.  Secure  the  bleeding  artery  in  the  wound. — The  bleed- 
ing vessels  should  be  secured  with  haemostatic  forceps  and  ligatures 
applied,  the  woimd  being  enlarged,  if  necessary,  to  facilitate  this  opera- 
tion. Ligature  of  the  artery  in  continuity,  though  sometimes  easier  than 
ligature  of  the  bleeding-point,  should  not  be  done  for  several  reasons  : 
(1)  The  necessity  of  making  a  second  woimd  should  be  avoided,  especi- 
ally as  the  operation  is  one  of  urgency,  and  it  may  be  impossible  to 
take  full  aseptic  precautions  ;  (2)  ligature  of  the  main  artery  of  a  limb 
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may  be  necessary  and  lead  to  gangrene  ;  (3)  ligature  of  the  main 
artery  may  not  stop  the  hajmorrhage  if  an  extensive  anastomotic  cir- 
culation is  present  ;  (4)  the  source  of  the  artery  that  is  bleeding  may 
be  difficult  to  determine  and  the  wrong  artery  may  be  ligatured  in 
continuity.  A  patient  died  from  haemorrhage  after  ligature  of  the 
superficial  femoral  artery  in  Hmiter's  canal  to  stop  bleeding  from  a 
deep  punctured  wound  on  the  inner  side  of  the  thigh.  At  the  autopsy 
the  severed  artery  was  found  to  be  a  branch  of  the  profunda  femoris. 

In  certain  situations,  especially  in  the  case  of  deep  punctured 
wounds,  ligature  of  the  main  artery  in  continuity  is  the  correct  treat- 
ment, as  exposing  the  severed  vessel  and  ligaturing  it  in  situ  might 
cause  serious  damage  to  surrounding  structures.   These  situations  are — 

(1)  TJie  paint  of  the  hand,  when  the  bleeding  comes  from  the  deep 
palmar  arch.  Here  ligature  of  the  radial  and  ulnar  at  the  wrist  or 
the  brachial  in  the  arm  is  to  be  preferred  to  local  ligature,  on  account 
of  the  numerous  tendons  and  tendon  sheaths  in  the  palm  of  the  hand. 

(2)  TJte  face  and  neck,  in  bleeding  from  the  deep  branches  of  the 
external  carotid,  such  as  the  internal  maxillary  and  the  occipital  as  it 
lies  deep  in  the  mastoid  process.  Many  of  the  subdivisions  of  the 
branches  of  the  external  carotid  run  in  bony  canals,  and  ligature  of 
them  would  be  exceedingly  difficult  and  would  necessitate  serious 
damage  and  disfigurement ;  hence  ligature  of  the  main  artery  at  the 
seat  of  election  between  the  su|)erior  thyroid  and  the  lingual  branches 
is  to  be  preferred. 

(3)  The  branches  of  the  internal  carotid. — These  arteries  are  found 
inside  the  cranium,  supplying  the  brain,  and  ligature  in  situ  is  impos- 
sible. If  a  diagnosis  is  made  and  treatment  is  attempted,  either  the 
common  or  the  internal  carotid  artery  should  be  ligatured  in  the  neck. 

Ligatures. — The  most  commonly  used  ligature  for  securing  arteries 
is  catgut,  either  plain  or  chromieized.  The  plain  catgut  is  used  for 
small  arteries  and  is  quicldy  absorbed,  whilst  the  larger  arteries  are 
usually  ligatured  with  chromieized  gut,  which  is  stronger  and  lasts 
longer  in  the  tissues.  The  ligature  should  be  tied  with  sufficient  force 
to  ruptm-e  the  internal  coat  only.  Silk  has  been  largely  used  for  the 
ligature  of  arteries,  but  it  has  the  disadvantage  of  being  uon-absorb- 
able,  and  so  always  forms  a  foreign  body  which  may  ultimately  be 
discharged  by  suppuration. 

Torsion. — Arteries — even  the  larger  ones — may  be  secured  by 
torsion,  which  has  the  advantage  of  not  leaving  any  foreign  body  in 
the  wound.  The  vessel  is  seized  with  torsion  forceps,  which  are  then 
twisted  six  to  eight  times  and  removed  without  ha?niorrhage  occurring. 
In  modern  aseptic  surgery  the  risk  of  infection  by  a  ligature  is  small, 
and  the  majority  of  surgeons  prefer  to  depend  on  sterile  ligatures  for 
any  arteries  except  the  smallest. 
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Pressure,  with  elevation  of  the  part,  is  also  used  in  the  treatment  of 
arterial  hsemorrhage,  and  is  useful  in  bleeding  from  the  hands  and 
feet ;  but  few  surgeons  trust  to  this  method  except  in  the  case  of 
bleeding  from  small  arteries.  Another  exception  is  furnished  by  arterial 
haemorrhage  occurriiig  in  dense  tissues,  such  as  in  the  scalp,  the  female 
breast,  or  inflammatory  scar  tissue.  Bleeding  in  these  situations  is 
difficult  to  control,  as  the  arteries  retract  into  the  dense  tissue,  and 
it  is  very  difficult  to  secure  them  with  forceps  and  then  to  apply  a  liga- 
ture. A  deep  stitch  passed  under  the  vessels  and  securely  tied  is 
usually  efficacious  in  arresting  haemorrhage  under  these  conditions. 
Haemorrhage  occurring  in  sloughing  tissue  is  often  arrested  by  pres- 
sure ;  the  point  will  be  again  referred  to  when  dealing  with  secondary 
haemorrhage. 

3.  Secure  both  ends  of  the  severed  artery. — This  should 
be  done  even  when  haemorrhage  is  not  occurring  from  the  distal  end 
of  the  artery  at  the  time  the  wound  is  treated.  It  not  infrequently 
happens  that  haemorrhage  occurs  from  the  distal  end  of  an  artery 
when  the  anastomotic  circulation  is  established  or  when  shock  has 
passed  off ;  indeed,  this  is  the  most  frequent  cause  of  intermediary 
haemorrhage. 

First-aid  treatment  in  primary  venous  haemor- 
rhage.— The  wound  should  be  freely  exposed  and  pressure  made 
with  the  thumb  directly  on  the  bleeding-point.  In  the  case  of  bleed- 
ing from  a  limb,  the  part  should  be  elevated  and  care  should  be  taken 
that  there  be  no  constriction  between  the  wound  and  the  trunk.  A 
pad  should  be  placed  on  the  wound  and  a  bandage  carried  up  over  the 
pad  from  the  extremity  of  the  limb.  No  tourniquet  should  be  used 
in  the  first-aid  treatment  of  venous  haemorrhage. 

Deliberate  treatment  of  venous  haemorrhage.— This 
consists  of  picking  up  the  vessel  in  the  wound  with  ha;mostatic  forceps 
and  applying  a  ligature  as  for  arterial  haemorrhage  ;  but  carefully 
graduated  pressure  can  usually  be  relied  upon  to  arrest  venous  haemor- 
rhage, which  is  only  serious  when  it  comes  from  the  largest  venous 
trunks  or  from  varicose  veins.  Bleeding  from  a  cerebral  sinus  can 
be  arrested  by  carefidly  packing  the  sinus  with  gauze. 

Treatment  of  air  in  veins. — During  an  operation  involving 
danger  to  the  great  veins  at  the  root  of  the  neck,  which  are  influenced 
by  the  respiration,  the  wound  should  be  kept  flooded  with  an  aseptic 
lotion,  so  that,  in  the  case  of  injury,  fluid  and  not  air  may  be  sucked  in. 
Air  in  veins  is  not  necessarily  dangerous,  the  danger  depending  upon 
(1)  the  amount  of  air  entering,  (2)  the  speed  with  which  it  enters, 
(3)  the  distance  from  the  heart  at  which  it  enters. 

Directly  the  characteristic  noise  of  air  entering  a  vein  is  heard, 
the  wound  in  the  vessel  should  be  closed  and  a  ligature  applied  as 
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quickly  as  possible.  If  the  right  Iieart  becomes  seriously  embarrassed, 
artificial  respiration  should  be  at  once  begun,  as  the  condition  fre- 
quently ends  in  death. 

Senn  has  advised  puncture  and  aspiration  of  the  right  ventricle, 
or,  if  the  air  has  entered  by  the  jugular  vein,  catheterization  and 
aspiration  of  the  right  auricle — both  somewhat  drastic  measures. 
Stimulation  of  the  vagus  has  been  recommended,  but  most  surgeons 
depend  mainly  upon  artificial  respiration. 

Treatment  of  capillary  haemorrhage. — Capillary  haemor- 
rhage is  rarely  dangerous  in  the  normal  individual,  and  can  usually 
be  arrested  by  pressure  or  the  use  of  hsemostatics.  The  most  impor- 
tant of  these  are  cold  (ice-cold  water),  hot  water  at  115°  F.,  adrenalin 
chloride,  tannic  and  gallic  acids,  and  calcium  chloride.  None  of  these 
should  be  applied  in  such  strength  or  for  long  enough  seriously  to 
damage  the  tissues.  In  some  cases  the  application  of  the  cautery  at 
a  dull-red  heat  so  as  to  char  the  tissues  is  the  best  method  of  arrest- 
ing capillary  hieniorrhage. 

Treatment  of  intermediary  haemorrhage. — The  methods 
of  arresting  intermediary  haemorrhage  are  precisely  similar  to  those 
for  arresting  primary  haemorrhage,  which  it  exactly  resembles  ;  but 
concealed  haemorrhage,  which  is  frequently  intermediary,  demands  a 
special  word.  In  cases  of  abdominal  hajmorrhage,  especially  occur- 
ring after  operation,  a  second  operation  for  the  arrest  of  hfemorrhage 
cannot  always  be  undertaken  at  a  moment's  notice,  and  yet  the  bleed- 
ing may  be  severe.  The  patient  should  be  placed  with  the  head  lower 
than  the  trunk  and  limbs,  and  then  the  limbs  carefully  and  firmly 
bandaged  from  the  extremities  to  the  trunk,  so  as  to  drive  the  blood 
to  the  vaso-motor  centres  in  the  brain. 

Direct  transfusion  has  been  carried  out  by  Crile  in  these  cases,  but 
he  advises  that,  if  possible,  the  bleeding  vessel  should  first  be  ligatured. 

Treatment  of  secondary  haemorrhage. — The  treatment 
of  secondary  haemorrhage  differs  in  one  important  point  from  the 
treatment  of  primary  ha-morrhage  :  no  matter  how  slight  the  haemor- 
rhage may  be,  or  whether  the  haemorrhage  has  stopped  when  the 
patient  is  seen,  the  treatment  must  be  to  secure  firmly  the  artery,  as 
a  small  preliminary  haemorrhage  may  be  the  precursor  of  a  large  and 
fatal  one. 

The  most  satisfactory  method  of  treatment,  and  the  method  to  be 
adopted  whenever  practicable  is  to  open  up  the  wound  thoroughly 
after. applying  a  tourniquet,  and  place  a  ligatm-e  on  the  bleeding-point, 
opportunity  being  taken  to  render  the  wound  as  aseptic  as  possible,  and 
so  to  bring  about  healing  without  danger  of  further  haemorrhage. 
This  method  is  not  always  possible,  for  the  following  reasons  : — - 

1.  The  tissues  may  be  so  sloughing  that  the  ligature  will  not  hold. 
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The  actual  cautery,  at  a  dull-red  heat,  may  be  applied,  or  in  some 
cases  it  may  be  advisable  to  re-amputate  higher  up  the  limb. 

2.  The  hsemorrhage  may  be  an  oozing  from  numerous  small  vessels, 
which  it  will  be  impossible  to  ligature.  In  this  case  the  application 
of  the  actual  cautery,  or  packing  the  wound  with  sterile  gauze,  will 
usually  arrest  the  bleeding. 

3.  In  cases  of  secondary  hsemorrhage  from  large  vessels  in  the  groin, 
abdomen,  and  neck  it  may  not  be  possible  to  expose  and  ligature  the 
bleeding  vessels.  The  wound  should  be  carefully  packed  with  aseptic 
gauze,  which  should  be  left  in  position  for  several  days. 

4.  Haemorrhage  from  malignant  growths  which  have  f ungated  is 
difficult  to  control  by  ligature,  as  even  if  the  vessel  is  seen  the  ligature 
wUl  not  hold  in  the  breaking-down  tissue.  Ligature  of  the  main 
artery  in  continuity  is  the  best  treatment,  but  the  advisability  of  doing 
this  and  prolonging  a  patient's  life  for  a  few  weeks  is  doubtful.  In 
the  case  of  secondary  hsemorrhage  occurring  from  an  artery  ligatured 
in  continuity  the  wound  should  be  opened  up  and  a  ligature  placed 
on  the  artery  above  and  below  the  bleeding  place. 

HEMOPHILIA 

Under  this  term  many  different  conditions  have  been  described, 
all  of  which  have  the  common  factor  that  the  subject  has  a  tendency 
to  bleed  readily  and  profusely,  either  spontaneously  or  from  shght 
injuries.  They  have  been  recorded  in  both  men  and  women  and  at 
all  ages,  and  much  confusion  has  arisen  from  including  them  all  under 
the  term  "  haemophilia."  This  word  has  been  so  loosely  used  that  it  has 
come  almost  to  mean  profuse  hsemorrhage  from  a  trivial  or  unknown 
cause  ;  but  it  is  important  to  hmit  it  to  one  class  of  case  only,  and  to 
endeavour  to  find  an  exact  pathology  for  bleeding  occurring  from  some 
other  cause. 

Definition. — "  Haemophilia  "  should  be  limited  to  the  family 
bleeding  disease  wliich  only  affects  the  males  of  a  family  and  has  a 
definite  characteristic  method  of  inheritance.  The  main  features  of  this, 
disease  will  be  first  described,  and  then  some  reference  made  to  other 
cases  of  profuse  bleeding  which  do  nob  come  into  this  category.  The 
condition  is  a  congenital  tendency  to  almost  uncontrollable  bleeding, 
nearly  always  from  some  slight  injury,  but  perhaps  occasionally  spon- 
taneous ;  the  hsemorrhage  may  take  place  from  the  external  surface 
of  the  body,  from  the  mucous  membranes,  into  serous  or  synovial 
cavities,  or  into  the  tissues  generally,  with  formation  of  ecchymoses. 

The  hereditary  or  family  characters  of  this  disease  are  well  marked. 
The  sporadic  cases  published  from  time  to  time  do  not  belong  to  this 
disease,  and  the  inheritance  is  almost  constant  in  its  peculiarities. 

The  daughters  of  a  bleeder-father  do  not  suffer  from  the  disease, 
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true  hereditary  bleeders  never  being  females,  but  they  transmit  it  to 
their  sons  ;  and  if  there  are  several  daughters  in  a  family,  all  or  some,  or 
even  only  one,  may  transmit  it ;  or  the  disease  may  intermit  a  generation 
entirely.  The  daughters  of  "  bleeders  "  generally  have  large  families. 
The  sons  of  a  bleeder-father  do  not  usuaUy  suffer  from  the  disease,  nor 
do  they  transmit  it  either  to  their  sons  or  daughters  ;  but  cases  have 
been  published  which  make  it  impossible  to  say  that  the  disease  is 
never  transmitted  directly  from  father  to  son.  These  cases,  however, 
are  doubtful,  and  belong  to  the  past ;  they  probably  represent  errors 
of  observation,  or  are  based  on  very  insufficient  grounds. 

As  has  been  stated  above,  females  do  not  suffer  from  the  true  family 
disease,  although  some  authors  have  stated  that  they  do,  one  giving 
the  ratio  of  males  to  females  as  197  to  15  or  13  to  1. 

Nearly  all  the  families  affected  with  this  disease  that  have  been 
traced  belong  to  the  Anglo-Saxon  race,  but  instances  in  the  Latin 
race  are  known,  although  few  cases  are  reported  in  French  literature. 
The  inheritance  in  one  South  African  family  has  been  traced  through 
eight  generations. 

The  cause  of  the  disease  is  quite  unknown,  and  there  is  no  constant 
pathological  anatomy,  although  several  conditions  have  been  described. 
In  some  cases  it  is  stated  that  the  aorta  and  the  large  arteries  are 
abnormally  small,  so  that  the  blood  pressure  is  high  and  difficulty  of 
arrest  of  hfemorrhage  follows.  Abnormal  thinness  and  degeneration 
of  the  arterial  walls  have  been  stated  to  be  the  cause  of  the  spon- 
taneous luTemorrliage,  whilst  some  authors  describe  a  defective  mus- 
ciilar  coat  of  the  arteries,  so  that  contraction  of  their  walls  ii  slight 
or  absent.  Others,  again,  have  looked  to  the  composition  of  the  blood 
to  discover  the  cause  of  the  disease,  and  have  assumed  a  long  coagu- 
lation j^eriod  or  have  described  defective  coagulation  due  to  the 
absence  of  calcium  salts.  None  of  these  conditions,  however,  in  any 
way  explains  the  disease,  and  they  are  not  constant  in  every  case. 
In  many  cases  the  coagulation  of  blood  is  normal  in  time  and  the 
coagulum  firm. 

Symptoms. — The  symptoms  of  the  disease  are  persistent  hfemor- 
rhages  following  slight  cuts  or  bruises  or  occurring  sjjontaneously,  and 
dating  from  birth.  The  bleeding  continues  until  death  occurs,  or  more 
usually  imtil  spontaneously  arrested.  Htemorrhage  from  the  umbilical 
cord  may  occur,  although  it  is  rare,  and  starts  shortly  after  severance  of 
the  cord  ;  it  may  be  fatal.  Vaccination  is  not  followed  by  heemorrhage, 
but  the  eruption  of  the  milk  and  permanent  teeth  is  always  attended 
with  danger ;  removal  of  a  tooth  may  lead  to  uncontrollable  htemor- 
rhage. Cases  in  which  the  disease  first  appears  in  adult  or  in  late  life 
are  probably  not  cases  of  the  true  family  disease.  The  injuries  that 
cause  the  bleeding  are  often  of  the  most  trivial  type,  such  as  the  removal 
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of  tonsils,  a  leech-bite,  a  prick  from  a  needle,  or  a  cut  while  shaving. 
The  bleeding  may  be  arrested  for  a  time  ;  but  it  may  recur  again  and 
again  until  the  patient  dies,  though  recovery  is  the  rule.  It  is  a 
curious  fact  that  the  tendency  to  hajmorrhage  is  not  constant,  and 
a  well-marked  bleeder  may  injure  himself  and  not  bleed  more  than  a 
normal  person,  although  at  other  times  very  slight  pressure  on  the 
skin  will  determine  a  large  eccliymosis. 

Bleeders  are  said  to  have  extraordinary  recuperative  powers,  and 
also  great  capacity  for  withstanding  the  loss  of  blood,  and  as  the 
patient  gets  older  the  tendency  to  bleed  is  diminished  and  in  some 
cases  may  disappear. 

The  skin  lesions  vary  from  a  bruise  to  a  large  lisematoma  ;  there  is 
no  purpuric  rash  similar  to  that  seen  in  cases  of  purpura  hsemorrhagica, 
wliich  is  sometimes  mistaken  for  haemophilia. 

The  haemorrhage  which  occurs  into  joints  deserves  special  mention, 
as  the  disease  used  to  be  described  as  associated  with  a  chronic 
arthritis.  This  arthritis  is  solely  due  to  hsemorrhage  into  the  synovial 
cavity  of  the  joint,  the  knee-  and  elbow- joints  being  those  usually 
affected.  The  physical  signs  in  a  recent  case  are  those  of  a  subacute 
arthritis  with  effusion,  wliich  gradually  subsides  ;  but  after  repeated 
hsemorrhages  the  joint,  both  clinically  and  pathologically,  resembles 
that  of  a  case  of  chronic  osteo-arthritis,  or  even  a  chronic  tubercular 
arthritis. 

Operations  on  these  joints  under  a  mistaken  diagnosis,  or  in  order 
to  strengthen  the  limb  and  get  more  movement,  have  been  followed 
by  fatal  haemorrhage. 

Treatment. — Children  who  inherit  the  disease,  or  even  come 
of  a  bleeder  family,  should  be  carefully  guarded  against  all  the  common 
accidents  of  childhood,  for  prophylaxis  is  of  the  utmost  importance. 
Every  form  of  surgical  operation  is  contra-indicated,  except  those 
which  are  absolutely  necessary  to  save  hfe.  The  daughters  of  bleeders 
should  not  marry. 

The  treatment  of  the  haemorrhage  when  it  occurs  does  not  differ 
in  principle  from  the  treatment  of  haemorrhage  occurring  in  the 
non-haemophilic  ;  but  every  method  should  be  tried  in  succession, 
except  that  no  operation,  such  as  ligature  in  continuity,  should  be 
done,  and  more  trust  should  be  put  in  haemostatics  and  general  treat- 
ment by  drugs. 

Calcium  chloride  and  calcium  lactate  have  been  advised  by  Wright 
to  increase  the  coagulability  of  the  blood,  but  the  value  of  these  drugs 
is  doubtful.  Others  have  tried  the  injection  of  human  serum,  dogs' 
and  rabbits'  serums,  or  antidiphtheritic  serum,  but  these  appear 
useless  in  the  true  family  disease,  although  they  may  be  of  service 
in  profuse  ha3morrhage  from  other  causes. 
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Finch  advises  venesection,  and  irrigation  of  the  wound  with  hot 
water ;  and  Crile  recommends  direct  transfusion  of  human  blood,  both 
to  stop  the  hajmorrhage  and  remedy  the  loss  of  blood. 

The  most-used  hcemostatics  are  adrenalin  (both  internally  and 
externally),  ethyl  chloride,  ferric  chloride,  hydrogen  peroxide,  hot 
water,  powdered  chalk,  and  calcium  chloride.  All  should  be  tried  in 
turn,  and  all  may  be  found  equally  useless. 

No  drug,  used  either  externally  or  internally,  is  a  specific,  and 
some  patients  die  of  loss  of  blood  in  spite  of  all  treatment. 

In  the  case  of  a  large  wound  in  a  hfemophiliac,  Thiersch  recommends 
the  avoidance  of  sutures  and  compressive  dressing,  and  allows  the 
wound  to  fill  with  blood-clot,  which  is  left  undisturbed. 

Conditions  simulating  haBmophilia. — Surgical  literature 
teems  with  cases  of  patients  who  have  bled  profusely  after  injury  or 
spontaneously ;  and  these  cases  are  often  described  under  the  title 
of  "  hfemophilia,"  although  there  is  no  trace  of  a  family  history  of 
bleeding,  and  often  the  haemorrhage  only  occurs  once  in  the  patient's 
life.  The  more  carefully  the  cases  are  investigated  the  more  it  is 
seen  that  they  differ  essentially  from  family  htemophilia.  In  women 
(who  never  suffer  from  haemophilia)  the  bleeding  is  usually  from  the 
uterus,  is  associated  with  menstruation,  and  is  in  many  cases  due 
to  abortions,  fibroids,  carcinoma,  etc.  Other  cases  of  htemorrhage 
under  the  skin  and  sweating  of  blood  occur  in  neurotic  women,  and 
are  well-recognized  stigmata  of  hysteria.  Haemorrhage  from  the 
umbilicus  in  the  newly  born  is  often  associated  with  sepsis,  whilst 
severe  haemorrhage  after  removal  of  a  tooth  may  be  due  to  injury  of 
the  dental  arteries,  which  is  difficult  to  control  on  account  of  their 
passage  within  bony  canals. 

Scurvy,  scurvy  rickets,  Henoch's  purpura,  pm'pura  hiemorrhagica, 
jaundice,  pancreatic  disease,  etc.,  also  account  for  many  so-called 
sporadic  cases  of  haemophilia,  which  should  not  be  diagnosed  unless  the 
family  history  is  known. 

SHOCK 

Since  the  introduction  of  ansesthetics  and  the  aseptic  and  antiseptic 
methods  of  operating,  surgical  shock  is  the  chief  danger  that  the 
surgeon  has  to  combat ;  but,  in  spite  of  the  enormous  amount  of 
experimental  and  clinical  investigation  that  has  been  undertaken 
during  the  last  few  years,  it  is  not  possible  at  present  to  give  a 
satisfactory  defuiition  of  this  condition,  and  its  essential  pathology 
is  still  obscm-e. 

That  the  condition  of  shock  is  intimately  connected  with  dis- 
turbance of  the  nervous  mechanism  governing  the  cardio-vascular 
system  is  certain  ;  but  the  precise  nature  of  this  disturbance  remains 
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a  matter  of  dispute,  some  investigators  placing  it  peripherally  and 
others  centrally.  It  is  therefore  advisable  to  consider  first  the  causes 
of  surgical  shock  and  its  clinical  phenomena,  and  then  to  attempt  to 
arrive  at  some  idea  of  its  jjathology,  in  order  that  its  treatment  may 
be  placed  on  a  rational  and  not  on  an  empirical  basis  ;  for  the  present 
no  distinction  will  be  made  between  shock  and  collapse. 

ETIOLOGY 

Shock  is  met  with  in  many  and  varied  conditions,  which  may  be 
grouped  as  below  ;  but  it  not  infrequently  happens  that  two  or  more 
causes  are  present  at  the  same  time,  and  it  may  be  diflS.cult  to  deter- 
mine which  of  them  is  the  most  important  factor.  For  example,  in  a 
severe  accident  crushing  a  limb,  over-stimulation  of  peripheral  nerves 
and  a  large  loss  of  blood  are  often  associated  as  the  agents  in  the 
production  of  a  severe  degree  of  shock.    Causes  of  shock  may  be — ■ 

1.  A  disturbance  of  the  higher  nerve  centres,  either 
induced  by  a  sudden  mental  "  shock,"  such  as  the  hearing  of  bad 
news,  or  by  the  anticijiation  of  some  severe  injury,  e.g.  the  fear  of 
an  operation.  This  mental  disturbance  is  sufficient  in  itself  to  produce 
a  profound  condition  of  shock,  even  ending  in  death,  and  there  are 
many  cases  on  record  of  patients  dying  after  the  simplest  of  opera- 
tions owing  to  intense  fear.  On  the  other  hand,  severe  and  even 
fatal  lesions  may  be  sustained  without  the  immediate  supervention 
of  shock,  if  the  patient's  mind  is  so  intensely  concentrated  on  some- 
thing else  that  the  lesion  passes  almost  unnoticed.  This  temporary 
immunity  may  be  followed  by  "  delayed  "  shock  when  the  condition 
of  intense  concentration  has  ceased. 

2.  Extensive  cutaneous  lesions,  e.g.  burns  and  scalds. 
The  amount  of  shock  following  a  burn  largely  depends  on  the  extent 
of  the  burnt  surface,  and  not  so  much  on  the  depth  of  the  burn.  This 
is  probably  due  to  the  intense  stimulation  of  the  cutaneous  nerves  of 
the  sldn,  followed  by  over-stimulation  of  the  central  nervous  system. 
Shock  following  exposure  to  cold  is  due  to  the  same  condition.  At  the 
same  time,  other  factors  probably  help  to  produce  a  fatal  result  in 
burn  cases,  such  as  poisonmg  by  carbon  monoxide,  loss  of  the  excretory 
power  of  the  skin,  and  congestion  of  the  internal  organs. 

3.  Injuries  to  large  nerve  trunks. — Injuries  involving 
crushing  of  the  large  nerve  trunks  are  usually  associated  with  a  severe 
degree  of  shock.  This  depends  in  part  on  the  severe  pain  of  these 
injuries,  pain  being  very  potent  in  inducing  and  maintaining  shock, 
and  partly  on  the  destruction  and  over-stimulation  of  a  large  number 
of  afl'erent  nerve  fibres.  If  the  path  of  impulse  up  the  nerve  trunks 
has  been  previously  blocked  by  injection  of  cocaine,  the  shock  is  not 
so  severe. 
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4.  Haemorrhage. — Loss  of  blood  is  connected  in  several  ways  with 
the  condition  of  shock.  In  severe  injuries  both  shock  and  hfemorrhage  are 
frequently  present,  and  it  is  often  difficult  to  estimate  the  degree  in  which 
each  contributes  to  the  patient's  condition.  Both  are  associated  with 
a  fall  in  blood  pressure,  and  while  shock  may  be  directly  dependent 
upon  loss  of  blood,  on  the  other  hand  loss  of  even  a  small  amount 
of  blood  whilst  the  patient  is  in  a  condition  of  shock  is  apt  to  be  fatal. 
As  the  treatment  of  hajmorrhage  differs  from  that  of  shock  in  material 
points,  a  differential  diagnosis  is  of  the  utmost  importance. 

5.  Sudden  severe  irritation  of  extensive  serous 
membranes,  e.g.  the  peritoneum.  The  rupture  of  a  gastric,  duo- 
denal, or  t}^)hoid  ulcer,  or  the  bursting  of  a  hydatid  cyst  or  an  abscess 
into  the  general  peritoneal  cavity,  is  usually  followed  by  so  profound 
a  condition  of  shock  as  to  obscure  the  diagnosis  of  the  lesion.  This 
shock  is  probably  produced  in  the  same  way  as  the  shock  following 
an  extensive  cutaneous  lesion,  i.e.  by  over-stimulation  of  a  large 
number  of  sensory  nerve  terminations. 

6.  Severe  blows  on  the  abdomen  and  thorax,  not 
connected  with  any  serious  internal  lesion.  A  severe  blow  on  the 
abdomen  may  cause  death  from  shock,  and  on  post-mortem  exam- 
ination no  gross  lesion  may  be  found.  The  shock  probably  depends 
on  over-stimulation  of  the  peripheral  sympathetic  plexuses,  such  as 
the  solar  plexus. 

7.  Manipulation,  especially  intermittent  tension  on  the  blood- 
vessels and  nerves  of  exposed  viscera.  The  production  of  shock  by 
this  method  is  frecjuently  met  with  durmg  the  necessary  manipula- 
tions in  operations  on  the  abdominal  viscera,  particularly  when  the 
parietal  peritoneum  and  the  mesentery  are  interfered  with,  and  it 
constitutes  one  of  the  great  dangers  of  abdominal  operations.  Under 
this  heading  must  also  be  placed  the  shock  associated  with  intus- 
susception, strangulated  hernia,  etc.  It  is  a  method  frecjuently  used 
to  produce  shock  during  experimental  investigation  of  the  condition. 

8.  Head  injuries. — The  condition  of  concussion  following  an 
injury  to  the  head  is  the  condition  of  shock,  and  no  distinction  is 
possible  between  them.  The  clinical  sjmiptoms  of  the  two  conditions 
are  precisely  similar,  and  depend  on  the  same  disturbance  of  the  cardio- 
vascular system. 

9.  Injuries  to  the  spinal  cord.  —  In  fracture-dislocations 
of  the  spine,  with  crushing  of  the  spinal  cord,  shock  is  usually  a  marked 
feature,  and  may  cause  death  in  a  few  hours. 

In  many  acute  septic  conditions  ^hock  is  often  j^reseut, 
as,  for  example,  in  the  onset  of  acute  septic  pancreatitis,  and  many 
of  the  symptoms  of  acute  septic  poisoning  are  those  of  shock  ;  but 
it  is  advisable  that  a  distinction  be  made.     In  septic  pancreatitis, 
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and  in  other  septic  conditions  within  the  abdomen,  besides  the  septic 
absorption  that  occurs  there  is  also  the  intense  irritation  of  the 
sympathetic  nerve  processes  by  the  inflammatory  lesion,  and  it  is 
the  over-stimulation  of  these  nerves  that  produces  the  shock,  and 
not  necessarily  the  absorption  of  septic  products.  In  acute  spread- 
ing septic  conditions,  such  as  malignant  oedema,  shock  is  not  manifest, 
although  in  the  later  stages  of  the  disease  there  is  cardiac  failure  and 
many  of  the  clinical  phenomena  of  shock  are  present.  The  heart- 
failure  in  these  cases  depends  at  least  as  much  on  the  weakness  of 
the  heart  muscle  as  on  disturbance  of  the  central  nervous  system. 
Shock  is  essentially  a  temporary  condition,  a  step  towards  death,  which 
is  capable  of  being  arrested  and  which  may  pass  off  so  completely  in 
a  few  hours  that  the  patient  may  show  no  signs  that  he  has  ever 
been  through  it,  although  equally  in  a  few  hours  it  may  end 
in  death.  Sepsis,  on  the  other  hand,  causes  changes  throughout  the 
whole  of  the  body,  and  recovery  will  take  weeks  or  months. 

PATHOLOGICAL  ANATOMY 

The  pathological  anatomy  of  shock  has  been  the  subject  of  much 
controversy,  especially  as  to  the  condition  of  the  cerebral  circulation. 
Some  writers  have  found  constriction  of  the  blood-vessels  and 
an  ansemic  brain,  others  dilatation  of  the  vessels  and  a  congested 
brain,  and  the  difference  in  the  post-mortem  appearances  seems  to 
depend  on  whether  the  skull  or  the  abdomen  and  thorax  be  opened 
first.  The  conditions  observed  in  the  human  subject  during  life  and 
in  experiments  on  animals  all  tend  to  show  that  in  shock  there  is  a 
dilatation  of  the  vessels  on  the  venous  side  with  congestion  of  the 
blood  in  them,  especially  in  the  veins  of  the  abdomen,  but  also  in 
the  veins  of  the  thorax  and  lungs  and  in  the  sinuses  of  the  dura  mater. 
With  this  venous  engorgement  there  is  a  corresponding  emptiness  of 
the  arterial  system  and  a  peripheral  ansemia,  shown  by  the  coolness 
of  the  skin.  The  blood  is  banked  up  in  the  venous  system,  the  right 
side  of  the  heart  is  dilated,  and  the  blood  cannot  get  from  the  great 
veins  into  the  auricles.  The  effect  is  much  the  same  as  that  due  to 
a  severe  haemorrhage,  the  blood  in  the  splanchnic  area  being  tem- 
porarily lost  to  the  circulation  or,  as  it  has  been  expressed,  "  the 
patient  has  bled  into  his  abdominal  veins."'  This  apparent  loss  of 
blood,  with  possibility  of  speedy  recovery,  accounts  for  the  rapid 
recovery  in  many  cases  of  shock. 

Whilst  the  veins  are  dilated  and  engorged  with  blood,  exudation 
of  serum  occurs  through  their  walls,  and  this  exudation  is  increased  if 
saline  fluid  is  injected  into  the  venous  system. 

Experimental  work  on  animals  and  clinical  investigation  in  man 
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have  shown  that  shock  is  always  associated  with  a  fall  iii  the  arterial 
blood  pressure,  which  is  jsrogressive  as  the  shock  deepens,  and  that 
recovery  from  shock  is  coincident  with  a  rise  in  the  blood  pressure  to 
normal. 

SYMPTOMATOLOGY 

Mental — The  patient  in  shock  is  in  a  condition  of  mental  torpor, 
but,  luiless  under  the  influence  of  an  anfesthetic,  is  perfectly  conscious 
and  able  to  talk  and  answer  questions  rationally.  As  a  rule,  there 
is  great  anxiety  and  a  fear  of  impending  death  ;  but  the  expression 
of  the  fear  is  dulled  by  the  mental  torpor,  and  usually  the  only  phy- 
sical expression  of  the  fear  is  a  wrinkling  of  the  forehead.  In  some 
cases,  however,  there  is  restlessness,  and  the  patient  may  be  in  a  state 
of  great  excitement,  and  even  act  maniacally. 

Musculature. — With  the  exception  of  the  last-mentioned  cases 
the  musculature  is  relaxed,  the  patient  lying  perfectly  quiet  and  not 
moving  unless  disturbed. 

Pulse. — The  pulse  is  usually  rapid,  but  it  may  be  slow,  the  most 
characteristic  features  being  weakness,  low  tension,  and  small  volume. 
The  heart-beat  is  feeble,  often  irregular,  and  not  all  the  beats  may 
reach  to  the  radial  pulse. 

Respiration. — The  respiration  is  shallow,  slow,  and  of  en 
irregular.  Careful  observation  may  be  necessary  to  be  sure  that  the 
patient  is  breathmg. 

Pallor. — The  patient  is  pale  and  slightly  cyanosed,  so  that  he 
joresents  a  leaden-grey  colour,  and  his  body  and  face  are  bathed  in  a 
cold,  clammy  sweat. 

Temperature. — The  temperature,  taken  in  the  axilla,  is  usually 
subnormal,  but  if  the  rectal  temperature  be  taken  it  is  often  found  to 
be  raised. 

Pupils. — The  pupils  are  usually  slightly  dilated,  but  react  to 
light.  If  the  shock  is  associated  with  head  injury  the  pupils  may 
be  different  in  size,  or  they  may  be  contracted.  The  conjunctival 
reflex  is  present. 

Sphincters. — The  sphincters  are  usually  relaxed,  the  patient 
passing  his  uruie  and  fteces  under  him  ;  but  not  infrequently  reten- 
tion of  urine  is  present.  The  amoimt  of  urine  is  diminished  in 
quantity,  the  kidneys  sharing  in  a  general  functional  depression  of 
all  the  organs  of  the  body. 

PATHOLOGY 

An  examination  of  the  symptoms  of  shock,  its  pathological  anatomy, 
experiments  performed  on  man  and  animals,  and  clinical  investiga- 
tions, all  go  to  show  that  the  most  important  j)henomenon  is  a  fall  in 
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the  blood  pressure  associated  with  banking  up  of  the  blood  on  the 
venous  side,  with  corresponding  emptiness  of  the  arteries,  and  accom- 
panied by  weakness  of  the  heart's  action.  That  the  fall  of  blood 
pressure  and  weakness  of  the  heart's  action  is  not  due  to  cardiac  muscle 
exhaustion  is  shown  by  the  fact  that  if  the  heart  muscle  is  appro- 
priately stimulated  it  will  still  contract  quite  as  forcibly  as  if  the  animal 
were  not  in  a  condition  of  shock.  In  the  same  way  it  can  be  proved 
that  the  phenomenon  is  not  due  to  exhaustion  of  the  peripheral 
ganglia  of  the  heart,  as  stimulation  of  the  nerves  to  the  heart  will 
stUl  result  in  a  normal  response,  and  the  heart  can  be  made  to  beat 
forcibly  with  a  corresponding  rise  in  the  blood  pressure.  Cardiac 
inhibition  has  also  been  assigned  as  a  cause,  but  severance  of  the 
inhibitory  nerves  does  not  lessen  the  amount  of  shock ;  and  it  is  now 
generally  believed  that  shock  depends  on  a  disturbance  of  the  cardio- 
vascular centres  in  the  medulla. 

The  amount  of  shock  present  is  best  estimated  in  terms  of  the 
peripheral  blood  pressure,  a  fall  in  which  may  be  produced  in  two 
ways  by  changes  in  the  cardio-vascular  centres — namely,  by  an 
inhibition,  or  by  a  temporary  fatigue-paralysis,  of  the  vaso-motor 
centre. 

In  this  way  a  distinction  which  is  of  some  importance  can  be  drawn 
between  shoch  and  collapse,  shock  being  due  to  fatigue-paralysis  of 
the  centre,  whilst  collapse  is  an  inhibition  of  the  centre.  The  treat- 
ment will  vary  slightly  according  as  one  or  other  of  these  conditions  is 
believed  to  be  present,  although  the  symptoms  of  the  two  conditions 
are  the  same. 

This  view  of  a  paralysis  of  the  vaso-motor  centre  due  to  fatigue 
or  inhibition  is  not  accepted  by  all  writers.  It  has  been  pointed  out 
that  the  cold  skin  of  patients  in  shock  shows  a  peripheral  vaso-constric- 
tion  which  could  not  occur  if  the  vaso-motor  centre  were  paralysed. 
This  objection  can  be  met  by  assuming  that  the  coldness  of  the  skin 
is  due  to  empty  arteries  and  venous  stasis,  and  the  cyanosed  appear- 
ance of  the  patient  supports  this  view.  If  the  view  of  central  depres- 
sion be  accepted — and  certainly  it  conveniently  explains  the  phenomena 
of  shock — an  examination  of  the  causes  of  the  condition  given  above 
shows  that  the  inhibition  or  paralysis  may  be  brought  about  in  the 
following  ways  : — 

1.  By  a  direct  effect  from  the  higher  nerve  centres  in  the  cortex 
on  the  lower  centres  in  the  medulla. 

2.  By  over-stimulation  of  a  large  number  of  sensory  nerves. 

3.  By  loss  of  blood. 

4.  Reflexly  by  over-stimulation  of  the  peripheral  nerve  ganglia, 
especially  those  of  the  abdomen. 

5.  By  direct  injury  to  the  central  nervous  system. 
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TREATMENT 

Having  now  reviewed  the  causes,  pathological  anatomy,  and  symp- 
toms of  shock,  and  laid  down  a  theory  as  to  its  causation,  it  is 
possible  to  consider  its  treatment  on  a  rational  basis  and  to  accept  or 
reject  the  various  methods  of  treatment  that  have  been  proposed 
and  carried  out  from  time  to  time. 

It  cannot  be  too  clearly  and  emphatically  laid  down  that  the 
condition  of  shock  is  temporary,  whether  it  be  due  to  inhibition  of  the 
nerve  centres  or  to  fatigue-paralysis  of  them,  and  that  recovery  is 
dependent  upon  the  patient  living  long  enough  for  the  centres  to 
recuperate  or  the  inhibition  to  pass  off.  The  condition  is  not  only 
capable  of  spontaneous  recovery  but  the  patient  usually  does  so 
recover,  and  in  twenty-four  hours  or  less  may  show  no  sign  that  he 
has  ever  been  in  the  condition  of  shock. 

The  treatment  of  shock  therefore  consists  (1)  in  preventing  the 
condition  ;  (2)  in  maintaining  a  blood  pressure  sufficient  to  allow  the 
continuance  of  the  heart's  action  during  the  time  that  the  vaso- 
motor centres  are  recovering  (and  that  without  stimulation  of  these 
centres),  and  to  aid  their  recovery  by  affording  them  a  suificient 
supply  of  blood. 

1.  Prophylactic  treatment  of  a  patient  about  to 
undergo  a  severe  operation.  Mental. — Owing  to  the  effect 
of  the  higher  centres  on  the  lower,  it  is  of  great  importance  to  control 
the  feeling  of  fear  present  in  most  patients  before  an  operation,  for  a 
trivial  operation  performed  on  an  intensely  frightened  patient  may 
be  fatal  from  shock.  The  patient  should  be  reassured  in  every  way 
and  the  gravity  of  the  operation  minimized  as  much  as  possible.  Pro- 
longed waiting  before  an  operation  is  inadvisable. 

Warmth. — Exposm-e  to  external  cold,  itself  a  cause  of  shock, 
and  the  fall  of  body  temperature  that  accompanies  shock,  should  as 
far  as  possible  be  prevented  by  external  warmth.  The  patient  should 
be  as  warmly  clad  as  is  consistent  with  the  operation  to  be  performed, 
and  the  operating  room  should  be  suitably  heated  (75°  F.).  For 
children  and  elderly  people  a  hot-water  bed  is  advisable,  and,  if  the 
operation  is  on  the  abdomen,  the  chest  and  limbs  should  be  wrapjjed 
in  cotton- wool. 

Food. — The  time  of  the  prelimmary  starvation  before  the  adminis- 
tration of  an  ana'sthetic  should  be  shortened  if  much  shock  is  expected, 
and  in  children  and  elderly  people  it  should  not  exceed  four  hours. 
Nutrient  enemata  may  also  be  given  before  an  operation,  but  their 
value  is  slight.    The  aperient  given  should  be  a  mild  one. 

Anaesthetics.— It  has  been  seen  ihat  one  of  the  chief  causes  of 
shock  is  an  overwhelming  number  of  sensory  impulses  reaching  the 
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brain,  and  this  cause  is  important,  even  if  the  patient  is  totally  un- 
conscious under  general  anajsthesia.  These  impulses  can,  however, 
be  prevented  from  reaching  the  brain  by  blocking  the  nerve  paths  up 
which  they  travel.  This  block  can  be  brought  about  by  injecting 
local  anaesthetics  (cocaine,  eucaine,  novocain)  into  the  main  nerve- 
trunks  supplying  the  part  to  be  operated  upon,  or  by  operating  under 
local  ansesthesia.  The  use  of  spinal  anaesthesia  also  is  of  value  in 
preventing  shock,  and  operations  which  under  general  ansesthesia 
are  usually  accompanied  by  a  large  amount  of  shock  can  be  performed 
under  spinal  anjesthesia  without  shock  supervening,  the  nerve  path 
to  the  brain  being  completely  blocked  by  the  anaesthetic. 

If  general  anaesthesia  is  advisable  or  necessary,  ether  (other  factors 
being  equal)  should  be  chosen  rather  than  chloroform,  which  by  its 
more  depressing  action  on  the  heart  causes  a  still  further  lowering  of 
the  blood  pressure. 

Stimulants. — The  question  of  the  treatment  of  shock  by  the 
administration  of  stimulants  will  be  discussed  later ;  but  here  it  may 
be  stated  that  the  use  of  stimulants  before  an  ojDeration  is  probably 
of  little  good,  and  possibly  may  be  actually  harmful. 

Saline  fluid. — In  those  cases  where,  before  the  operation,  a  large 
quantity  of  fluid  has  been  lost  from  the  body,  either  by  haemorrhage, 
vomiting,  or  diarrhoea,  it  may  be  replaced  by  the  injection  of  saline 
fluid ;  but  this  point  will  be  discussed  under  the  treatment  of  shock 
when  it  has  supervened. 

2.  Treatment  of  shock.' — As  the  condition  of  shock  is  associated 
with  exhaustion  or  inhibition  of  the  cardio-vascular  centres  in  the 
brain  and  is  measured  by  the  fall  in  the  blood  pressure,  the  rational 
treatment  of  the  condition  is  to  give  time  for  the  centres  to  recover, 
to  supply  them  with  blood,  and  to  maintain  the  blood  pressure  during 
the  period  of  recovery  without  calling  upon  the  nerve  centres  for 
further  work.    For  these  purposes  the  following  means  are  employed  : — 

(1)  Rest. — If  sufficient  time  of  rest  can  be  secured  the  condition 
of  shock  will  always  pass  off,  as  shock  is  a  temporary  condition  and 
recovery  is  complete.  The  patient  should  be  kept  in  bed  lying  down 
and  absolutely  at  rest,  everything — even  changing  his  position — being 
done  for  him.  As  there  is  usually  muscular  relaxation,  rest  is,  as  a  rule, 
easy  to  secure  ;  but  in  shock  with  restlessness  the  problem  is  more 
difficult  and  it  may  be  necessary  to  give  narcotics. 

(2)  Narcotics. — These  are  given  in  the  cases  of  shock  with  rest- 
lessness, to  procure  rest  and  sleep  and  so  prevent  exhaustion  ;  but 
they  are  also  used  for  the  relief  of  pain.  Pain  is  one  of  the  great  causes 
of  the  maintenance  of  shock  by  its  depressing  effect  on  the  brain  and 
by  preventing  sleep  and  rest.  The  administration  of  morphia  or  some 
other  narcotic  which  will  diminish  restlessness  and  relieve  pain  is 
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very  valuable  in  the  treatment  of  shock,  especially  if  it  be  due  to  severe 
crushing  accidents,  or  to  burns  or  scalds. 

(3)  Warmth  is  as  valuable  in  the  treatment  of  shock  as  in  its 
prevention.  The  patient  should  be  wrapped  in  warm  blankets  and 
surrounded  by  hot-water  bottles  in  the  bed,  so  that  the  body  tem- 
perature is  maintained  by  external  means.  At  the  same  time,  it  is 
easy  to  overdo  the  application  of  heat,  for  too  great  warmth  will 
dilate  the  arterioles,  producing  severe  sweating  and  a  further  drop 
in  the  blood  pressure.  Hot-water  bottles  should  not  be  placed  too 
near  the  patient,  especially  if  he  is  under  the  influence  of  an  anjesthetic 
or  narcotic,  otherwise  burning  may  result. 

(4)  Posture. — The  patient's  bed  should  be  raised  at  the  foot,  so 
that  the  head  is  the  lowest  part  of  the  body.  This  position  will  render 
it  easy  for  the  blood  to  reach  the  brain,  and  will  tend  to  keep  the 
exhausted  nerve  centres  supplied  with  blood. 

(5)  Stimulants. — When  it  was  considered  that  shock  was  largely 
due  to  weakness  of  the  heart's  action,  stimulants,  such  as  alcohol, 
strychnia,  and  caffeine,  were  very  largely  used  in  its  treatment  ;  but, 
although  many  sm'geons  still  advocate  their  use,  experimental 
and  clinical  research  has  of  recent  years  thrown  great  doubt  on 
their  value  in  all  conditions  of  shock  and  has  even  led  to  a  widely- 
held  opinion  that  in  the  severer  forms  they  are  harmful.  Strychnia, 
which  has  been  most  largely  used,  mainly  raises  the  blood  pressure 
by  stimulating  the  centres  in  the  medulla,  and  these  in  a  condition  of 
shock  are  inhibited  or  exhausted  by  over-stimulation.  Strychnia  in 
the  lesser  degrees  of  shock  will  undoubtedly  raise  the  blood  pressure 
for  a  time,  so  that  the  pidse  improves,  the  heart  beats  more  forcibly, 
and  the  peripheral  vessels  become  constricted  ;  but  the  effect  is  tem- 
porary and  is  followed  by  a  greater  depression  than  before  owing 
to  the  further  exhaustion  of  the  centres  by  the  stimulation.  Repeated 
injection  is  followed  by  less  and  less  effect  till  none  at  all  is  produced, 
and  the  centres  are  still  further  depressed  with  increase  in  the  condi- 
tion of  shock.  Strychnia  will  certainly  be  more  useful  in  collapse 
with  inhibition  than  in  shock  with  exhaustion ;  but  its  value  is 
problematical  in  both  conditions  and  its  harm  certain.  The  hypo- 
dermic injection  of  strychnia  in  severe  cases  of  shock  is  not  without 
danger  of  strychnia-poisoning,  as  the  drug  may  accumulate  owing 
to  the  depressed  circulation,  and  as  the  condition  of  shock  passes  oft' 
may  be  swept  into  the  circulation  and  produce  its  toxic  effect. 

The  administration  of  alcohol  will  produce  a  temporary  rise  of 
blood  pressure  by  its  stimulating  action  both  on  the  heart  and  on  the 
central  nervous  system  ;  but  it  also  causes  peripheral  vaso-dilatation 
with  a  corresponding  fall  in  the  blood  pressure.  The  stimulating 
effects  are  quite  transient,  and  leave  behind  an  increased  dej)ression. 
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The  same  may  be  said  of  the  other  diffusible  stimulants,  such  as 
ether,  ammonia,  and  sal- volatile.  Ether  is  sometimes  given  whilst  the 
patient  is  under  ether  anesthesia,  a  proceeding  which  is  hardly  rational. 

In  the  milder  forms  of  shock  it  is  possible  that  recovery  is  hastened 
by  the  use  of  these  drugs  ;  but  even  that  is  doubtful,  and  their  use 
in  severe  forms  of  shock  is  almost  certainly  harmful.  Caffeine  acts 
more  directly  on  the  heart  muscle,  causing  it  to  beat  more  forcibly 
and  £0  bringing  about  a  rise  in  blood  pressure  ;  but  its  effect  is  tem- 
porary and  is  probably  of  little  value  in  the  severer  forms  of  shock, 
whilst  in  the  slighter  forms  it  is  unnecessary. 

(6)  Peripheral  vaso-constrictors. — The  use  of  drugs  which 
cause  vaso-constriction  by  peripheral  action  on  the  muscular  coats 
of  the  arteries  has  been  advocated  in  the  treatment  of  shock  as 
a  means  of  raising  the  blood  pressure  without  stimulating  the 
central  nervous  system.  The  method  conforms  to  the  rational  treat- 
ment of  shock,  and  many  drugs  have  been  tried.  That  which  has 
been  most  largely  used  for  this  purpose  is  adrenalin  (the  extract  of  the 
medulla  of  the  suprarenal  gland),  as  it  is  found  to  cause  a  marked 
vaso-constriction  in  the  healthy  and  in  the  shocked  animal,  and  its 
action  is  apparent  in  an  animal  whose  central  nervous  system  has 
been  destroyed  by  pithing.  It  has,  however,  little  value  if  given  by 
subcutaneous  or  intramuscular  injection,  especially  when  shock  is 
present,  and  it  should  always  be  given  intravenously. 

Its  value  is  discounted  by  its  transitory  effects,  for  it  is  rapidly 
oxidized  by  the  tissues  and  the  rise  of  blood  pressure  only  lasts  for 
a  few  minutes  after  a  therapeutical  injection.  It  is  therefore  best 
given  by  continuous  venous  infusion  in  dilute  solution  (1-50,000, 
1-100,000)  with  warm  normal  saline,  and  will  then  tend  continuously 
to  raise  the  blood  pressure.  The  toxic  effects,  if  it  is  given  in  minute 
doses,  are  negligible. 

An  extract  of  another  of  the  ductless  glands  of  the  body  has 
recently  been  advocated  in  the  treatment  of  shock.  It  has  been 
found  that  extract  of  the  posterior  lobe  o/  the  pituitary  body  causes  a 
marked  vaso-constriction  by  peripheral  action,  and  that  the  vaso- 
constriction lasts  for  a  much  longer  time  after  a  single  injection  than 
in  the  case  of  adrenalin,  so  that  the  drug  need  not  be  given  continu- 
ously. Further  experimental  and  clinical  investigation  in  the  use  of 
this  drug  is  necessary  before  its  value  can  be  assigned  to  it,  and  there 
is  need  to  estimate  its  dosage  and  its  possible  toxic  effects. 

As  to  other  drugs,  ergot  and  ergotin  are  found  to  cause  a  general 
rise  of  blood  pressure  by  peripheral  action  on  the  muscular  coats  of 
the  arteries,  and  they  are  of  value  in  the  treatment  of  shock ;  but  the 
pressure  is  not  maintained  and  the  effect  is  much  less  on  the  shocked 
than  on  the  normal  animal. 
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(7)  Administration  of  saline  fluid. — The  method  which  has 
been  most  largely  used  of  late  years  is  the  injection  of  hot  (lOj'-llO' 
F.)  normal  saline  fluid,  with  the  object  of  raising  the  blood  pressure 
by  filling  the  vascular  system  with  fluid.  Saline  fluid  may  be  adminis- 
tered («.)  by  the  rectum,  either  by  running  into  the  rectum  one  or 
two  pints  of  the  fluid  by  means  of  a  catheter  and  funnel,  or  by 
continuous  rectal  injection  at  the  rate  of  about  one  pint  per  hour  ; 
(b)  by  subcutaneous 
injection,  one  or  two 
pints  of  the  fluid  being 
injected  into  loose  con- 
nective tissue  either 
under  the  breasts  in 
females  or  into  the 
axillae  and  groins  of 
males,  or  the  fluid  may 
be  given  continuously 
into  the  subcutaneous 
tissue  of  the  thighs, 
about  half  a  pint  being 
injected  each  hour  ;  (c) 
by  intravenous  injec- 
tion, one  to  four  or 
six  pints  being  injected 
straight  into  a  vein, 
usually  the  median 
basilic  of  the  left  arm. 
(Figs.  36,  37,  38.) 

In  considering  the 
value  of  this  method 
of  treatment,  it  is 
necessary  to  divide  the 
cases  of  shock  into 
those  in  which  a  large 
amount  of    fluid  has 

been  lost  to  the  body,  either  by  lueniorrhage  or  persistent  vomit- 
ing, sweatmg,  or  diarrhoea,  ancl  those  cases  in  which  such  a  loss 
has  not  taken  place  to  any  extent.  The  ])lood  pressure  (which  may  be 
taken  as  the  measure  of  the  amount  of  shock)  depends  partly  on  the 
amount  of  fluid  in  the  vessels,  and  although  the  adjusted  mechanism 
of  the  muscular  coats  of  the  arteries  and  veins  can  compensate  for  the 
loss  of  a  considerable  amount  of  blood  and  the  blood  pressure  remain 
constant,  yet  a  limit  is  reached  at  which  the  blood  pressure  can  no 
longer  be  maintained,  owing  to  the  lack  of  fluid.    The  injection  of 


Fig. 


36. — Apparatus  for  rectal  or  subcu- 
taneous infusion  of  saHne. 
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saline  fluid  into  tlie  empty  vessels  will  raise  the  blood  pressure  at  once^ 
and  the  immediate  effect  is  wholly  good,  the  heart  beating  more 
forcibly  and  the  pulse  showing  a  corresponding  increase  in  strength 
and  volume.  Four  or  five  pints  should  be  injected  into  a  vein,  and 
as  the  blood  pressure  rises  the  pulse  becomes  fuller  and  stronger,  and 
a  general  improvement  in  the  patient  is  noticed.  Unfortunately,  how- 
ever, exudation  of  the  saline  fluid  into  the  surroimding  tissues  soon 

commences,  and  this 
exudation  progressively 
empties  the  vascular 
system,  the  blood  pres- 
sure falls,  and  the 
pulse  agam  becomes 
small  and  feeble.  A 
further  injection  can  be 
given,  and  the  blood 
pressure  again  raised, 
and  the  time  so  gained 
may  tide  the  patient 
over  a  period  of  shock 
which  otherwise  would 
have  been  fatal.  If  the 
case  is  not  of  great 
urgency,  continuous 
subcutaneous  injection 
of  normal  saline,  especi- 
ally if  combined  with 
adrenalin,  is  better 
than  injection  of  a 
large  quantity,  for, 
although  the  effect  is 
slower    and    not  so 

Fig.  37.-Portable  apparatus  for  rectal  or  Pressui-e 
subcutaneous  infusion  of  saline.  is   mamtained    for  a 

longer  period,  and  so 

more  time  is  gained.  It  is  obvious,  of  course,  that  saline  injection 
in  order  to  raise  the  blood  pressure  must  not  be  made  use  of  until 
all  haemorrhage  has  been  securely  arrested.  For  measuring  the  blood 
pressure  the  Riva-Rocci  apparatus  is  used  (Fig.  39). 

In  those  cases  in  which  loss  of  fluid  either  has  not  occurrea  or  is 
insignificant,  the  case  is  entirely  different.  The  blood  has  not  left 
the  body,  but  has  accumulated  on  the  venous  side  of  the  vascular 
system,  especially  in  the  large  veins  of  the  portal  area  ;  and  the  blood 
pressure  falls,  not  because  the  vascular  system  as  a  whole  is  empty, 
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but  because  the  blood  cannot  get  from  the  big  venous  trunks  into  the 
right  side  of  the  heart,  and  as  a  consequence  the  arteries  are  empty. 
The  injection  of  saline  fluid  into  the  already  over-distended  venous 
system  will  stUl  further  embarrass  the  circulation,  and  the  consequent 
exudation  will  add  to  the  oedema  of  the  sm'roundiiig  tissue,  and  no 
good,  but  only  harm,  will  result,  for  the  arteries  will  remain  as  empty 
as  before.  There  can 
be  little  doubt  that,  in 
many  cases  of  shock, 
patients  who  would 
otherwise  have  recovered 
have  been  Idlled  by  the 
further  embarrassment 
of  the  circulation  caused 
by  a  sudden  large  in- 
jection of  saline  fluid. 
The  heart  and  tissues 
have  been  drowned. 

(8)  Direct  trans- 
fusion of  blood. — In 
cases  of  shock  asso- 
ciated with  loss  of 
fluid  from  the  vascular 
system  the  only  rational 
treatment  is  to  supply 
the  fluid,  and,  unlike 
saline  injection,  that 
fluid  must  remaua  in 
the  blood-vessels.  An 
attemj^t  to  supply  the 
necessary  fluid  has  been 
made  by  direct  transfu- 
sion of  blood.  Trans- 
fusion of  blood,  as  is 
remarked  in  the  section 
on    Ha?morrhage,  has 

been  practised  for  centimes  in  a  crude  way  for  the  relief  of  disease 
and  loss  of  blood,  with  little  value  and  much  danger,  but  recently  it 
has  been  revised  and  placed  on  a  more  scientific  basis.  This  revival 
is  largely  due  to  the  investigations  of  Crile  on  the  treatment  of  shock 
and  the  experiments  of  Cassel  on  vascular  anastomosis.  The  method 
of  transfusion  is  to  unite  directly  the  radial  artery  of  the  donor  witli 
the  median  basilic  vein  of  the  recipient,  either  by  direct  suture  or  hy 
means  of  a  special  cannula,  and  to  allow  the  blood  to  transfuse  until 


Fig.  38. — Apparatus  for  intravenous 
infusion  of  saline. 
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either  the  donor  shows  signs  of  acute  anaemia  or  the  recipient  is  judged 
to  have  received  sufficient  blood  ;  an  average  time  is  about  twenty 
minutes.  Crile  claims  that  the  blood  pressure  can  be  more  certainly- 
raised  by  direct  transfusion  than  by  saline  infusion,  and  that  it  is 
maintained  for  a  longer  period,  as  the  blood  does  not  so  rapidly  pass 
out  of  the  vessels  as  in  the  case  of  infused  saline  fluid. 

Crile' s  experiments  appear  to  support  his  view,  which  he  has  put 
to  the  test  of  clinical  treatment  with  good  results  ;  but  the  method  is 
not  without  danger  both  to  the  donor  and  to  the  recipient.  Practic- 
ally, the  only  danger  to  the  donor  is  loss  of  blood,  and  the  amount  can 


Fig.  39. — Riva-Rocci  apparatus  for  measuring  the  blood  pressure. 


be  easily  regulated,  whilst  recovery  from  anaemia  in  a  young  healthy 
adult  is  rapid  and  perfect.  The  principal  dangers  to  the  recipient  are 
acute  dilatation  of  the  heart,  haemolysis,  and  the  contraction  of  disease 
from  an  unhealthy  donor.  Eigors  during  or  after  transfusion  are 
common,  but  rarely  dangerous  ;  they  may  also  occur  after  saline 
infusion. 

Direct  transfusion  of  blood  has  undoubtedly  a  place  m  tne  treat- 
ment of  severe  shock,  in  spite  of  its  obvious  difficulties  and  disadvan- 
tages, but  further  investigation  and  experiment  are  needed  before  its 
correct  position  can  be  assigned  to  it. 

(9)  Mechanical  pressure. — The  use  of  mechanical  compression 
of  the  peripheral  vessels,  especially  those  of  the  limbs,  in  order  to 
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maintain  the  blood  pressure,  is  also  due  to  the  researches  of  Grile, 
who  claims  that  i"  provides  an  artificial  peripheral  resistance  without 
side  effects.  The  patient  is  enclosed  in  a  pneumatic  suit  made  of  9 
double  layer  of  indiarubber,  which  can  be  inflated  by  means  of  an 
ord  nary  bicycle  pumjj.  When  the  pressure  is  raised  by  forcing  air 
into  the  suit  it  exerts  a  uniform  pressure  over  the  body  surface,  con- 
stitutmg  an  artificial  peripheral  resistance,  which  causes  a  rise  in  blood 
pressure.  The  suit  is  so  made  and  arranged  that  the  pressure  can  be 
raised  in  one  or  all  the  limbs,  or  on  the  abdomen  especially,  and  the 
exit  tubes  are  so  valved  that  the  pressure  can  be  gradually  lowered  as 
the  patient  recovers.  By  means  of  this  suit  Crile  claims  that  he  gets 
a  control  over  the  blood  pressure  within  a  range  of  25  to  60  mm.  of 
mercury.  This  apparatus  has  been  used  both  durmg  severe  opera- 
tions on  the  head  and  neck,  where  shock  was  expected,  and  in  the 
treatment  of  shock  after  operations,  and  good  results  are  claimed.  It 
may  be  considered  a  useful  adjunct  in  the  treatment  of  shock. 

OPERATIONS  DURING  THE  PERIOD  OF  SHOCK  AFTER 

ACCIDENTS 

It  may  be  stated  as  a  general  rule  that  no  operation  (this  usually 
means  amputation)  should  be  performed  whilst  the  patient  is  in  a 
condition  of  shock.  As  has  already  been  considered,  the  treatment 
of  shock  is  rest  and  warmth  till  the  patient  recovers,  and  the 
superimposition  of  operative  shock  upon  the  shock  of  an  accident 
is  bad  surgery  ;  if  the  patient  recovers,  he  does  so  not  on  account 
of  treatment,  but  in  spite  of  it.  If  haemorrhage  is  occurring,  it 
must,  of  -course,  be  arrested  at  once  and  as  quickly  as  possible, 
by  simply  ligaturing  the  tissues  en  masse,  without  special  care 
to  isolate  the  blood-vessels.  If  this  arrest  of  haemorrhage  requires 
an  ansesthetic — it  rarely  does — a  few  breaths  of  ether  should  be  given 
and  the  vessels  either  quickly  tied  or  simply  closed  with  hiemostatic 
forceps.  The  patient  should  be  made  as  warm  and  comfortable  as 
possible,  the  womrd  being  well  covered  with  an  aseptic  or  antiseptic 
gauze  dressing  and  lightly  bandaged. 

Pain,  which  is  one  of  the  causes  of  shock  and  of  its  maintenance, 
should  be  relieved  by  an  injection  of  morphia,  or  by  blocking  the  main 
nerve  trimks  which  lead  from  the  injured  part  by  injection  of  cocaine, 
or  by  a  combination  of  the  two  methods. 

If  much  blood  has  been  lost,  four  or  five  pints  of  hot  saline  fluid 
should  be  injected  into  a  vein,  or  it  may  be  run  slowly  into  the  rectum 
or  subcutaneous  tissue.  Direct  transfusion  may  also  be  used  if  a 
donor  can  be  obtained  and  the  surgeon  is  skilled  in  the  method.  In 
those  cases  in  which  a  part  is  almost  severed  and  is  only  attached 
to  the  rest  of  the  body  by  a  few  strands  of  tissue,  it  is  permissible  to 
w 
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remove  it,  but  no  attempt  should  be  made  to  clean  the  part  or  fashion 
a  stump  whilst  the  patient  is  still  in  the  condition  of  shock. 

The  patient  must  be  most  carefully  watched,  especially  as  ;  egards 
the  fullness,  regularity,  and  tension  of  the  pulse,  and  no  further 
operation  should  be  performed  until  the  blood  pressure  is  well 
maintained. 

In  the  case  of  a  severe  accident  it  will  usually  be  from  six  to  twelve 
hours  before  it  will  be  safe  to  amputate,  and  no  attempt  should  be 
made  to  hurry  the  time  of  operating,  in  spite  of  the  frequent  urgent 
appeals  of  the  patient's  friends.  If  possible,  the  amputation  should 
be  done  under  spinal  or  local  anaesthesia,  as  further  shock  is  prevented 
by  these  methods  of  amputating  ;  if  a  general  anaesthetic  is  necessary, 
ether  in  an  open  inhaler  rather  than  chloroform  should  be  used. 

Exceptions  to  the  rule  of  not  operating  during  the  condition  of 
shock  are  numerous,  as  in  many  accidents  and  diseases  delay  is  most 
dangerous.  For  example,  if  an  accident  causes  severe  internal  haemor- 
rhage, such  as  follows  a  ruptured  spleen,  immediate  operation  is 
indicated  to  stop  the  haemoirhage,  which  otherwise  may  prove  fatal ; 
and  the  same  rule  holds  good  for  such  conditions  as  ruptured  ectopic 
gestation,  haemorrhage  from  a  duodenal  ulcer,  or  those  cases  in  which 
a  hollow  viscus  such  as  the  stomach  is  ruptured  by  an  accident,  or 
when  a  gastric  or  other  intestinal  ulcer  ruptures.  Delay  in  these  cases 
means  the  onset  of  general  peritonitis,  and  the  sooner  the  rent  in  the 
viscus  is  closed  and  the  peritoneum  cleaned  and  drained,  the  greater 
will  be  the  patient's  chance  of  recovery. 

During  the  period  that  must  elapse  between  diagnosis  and 
operation  the  treatment  for  shock  should  be  carried  out.  ■ 

Delay  is  also  dangerous  in  depressed  fracture  of  the  skull  with 
symptoms,  or  in  intracranial  or  intraspinal  hiemorrhage,  so  that  tre- 
phining or  laminectomy  should  be  done  at  once  and  the  compression 
relieved.  The  treatment  of  shock  is  carried  out  during  and  after  the 
operation. 

DELIRIUM 

Delirium  occurring  after  accidents  and  operations  may  be  divided 
into  four  varieties,  according  to  the  cause  : — 

1.  Delirium  nervosum,  or  traumatic  delirium. 

2.  Toxic  delirium. 

3.  Delirimn  tremens. 

4.  Delirium  after  head  injuries. 

Not  infrequently  two  or  more  of  these  causes  are  present  in  the 
same  case  with  a  corresponding  increase  in  the  severity  and  duration 
of  the  delirium. 

1.  Traumatic  delirium,  or  delirium  nervosum. — This 
is  a  rather  uncommon  condition  after  operation  or  accident  which 
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occurs  in  patients  with  congenital  or  acquired  instability  of  nervous 
equilibrium.  The  congenital  cases  usually  have  a  family  history  of 
insanity,  epilepsy,  or  eccentricity,  and  are  themselves  often  neurotic 
or  hysterical,  whi'st  the  most  frequent  of  the  acquired  predisposmg 
causes  are  chronic  alcoholism,  sexual  excess,  or  senility. 

The  condition  may  follow  any  operation  or  accident,  especially  if 
an  operation  has  been  dreaded  ;  and  it  is  most  frequently  seen  after 
operations  on  the  genitalia  of  both  males  and  females.  It  does  not 
necessarily  follow  operations  on  the  ovaries  and  testes  more  than  on 
the  accessory  genital  organs,  although  operations  on  these  glands 
have  an  adverse  psychical  effect.  During  the  surgical  period  when 
the  chronically  enlarged  prostate  was  treated  by  the  operation  of 
double  orchidectomy,  cases  of  delirium  and  insanity  following  were 
common — as  many  as  10  per  cent.,  according  to  one  author — but  this 
severe  operation  was  always  performed  on  elderly,  often  senile  men, 
a  condition  which  probably  had  more  to  do  with  the  delirium  than 
the  operation  itself.  A  more  instructive  example  was  that  of  a  Jewish 
lad  of  19,  who  immediately  after  an  operation  for  a  varicocele 
developed  acute  mania,  for  which  he  had  ultimately  to  be  confined  in 
an  asylum. 

The  delirium  may  be  of  a  maniacal  type,  as  in  the  above  case,  but 
in  elderly  people  it  is  more  often  a  low  muttering  delirium,  or  in  some 
cases  it  may  be  melancholia.  It  most  commonly  commences  a  day 
or  two  after  the  injury  or  operation,  but  it  may  be  met  with  as  soon  as 
the  23atient  has  recovered  from  the  anossthetic. 

The  prognosis  of  this  form  of  delirium  is  good,  for  the  condition 
usually  pas?es  oft"  in  a  few  days,  or  even  in  a  few  hours,  though  in  other 
cases  the  delirium  may  continue  and  pass  on  into  chronic  insanity  or 
dementia. 

The  treatment  is  similar  to  that  of  any  other  form  of  delirium, 
and  consists  chiefly  of  good  nursing,  good  hygienic  conditions,  and 
sedatives  if  necessary. 

2.  Toxic  delirium. — This  form  of  delirium,  as  its  name  implies, 
is  due  to  the  absorption  of  poison  from  a  wound.  In  the  majority 
of  cases  the  j^oison  is  produced  by  the  infective  bacteria,  especially 
the  pyogenetic  forms,  but  it  may  be  due  to  the  absorption  of  certain 
chemicals,  such  as  iodoform,  used  in  the  dressing,  or  from  the  adminis- 
tration of  chloroform  or  morphia. 

The  variety  due  to  absorption  of  the  toxins  of  the  pijogenetic  hacleria 
usually  occurs  on  the  third  to  the  fifth  day  after  the  operation  or 
accident,  and  is  associated  with  rise  of  temperature,  general  malaise, 
and  other  symptoms  of  septic  absorption.  The  delirium  at  first  is 
usually  of  the  active,  restless  type,  with  increased  pulse-rate,  constant 
talking,  and  sleeplessness,  the  delirium  being  most  marked  at  night  ; 
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but  if  the  septic  condition  continues,  tlie  patient  passes  into  an  asthenic 
state  with  low  muttering  delirium  and  picking  at  the  bedclothes.  This 
condition,  the  so-called  "  tjphoid  state,"  is  sometimes  seen  from  the 
first  in  cases  of  severe  intoxication — for  example,  that  associated  with 
infection  with  the  bacillus  of  malignant  oedema — -or  in  elderly  and 
debilitated  patients. 

In  cases  of  iodoform  poisoning  there  is  at  first  a  period  of  excite- 
ment with  hallucinations,  and  refusal  to  take  food,  followed  by  a  period 
of  depression,  which  in  fatal  cases  deejDens  into  loss  of  consciousness, 
coma,  and  death. 

The  first  indication  for  treatment  in  the  septic  variety  is  to  give 
free  exit  to  the  septic  material,  so  that  absorption  may  cease  ;  if  this 
can  be  done  the  delirium  soon  passes  off.  The  further  treatment, 
both  general  and  local,  is  that  of  a  septic  wound,  sedatives  being 
given,  if  considered  necessary,  to  secure  rest  and  sleep. 

In  iodoform  poisoning  the  use  of  the  drug  must  be  stopped 
immediately,  but  tliis  is  not  always  followed  by  amelioration  of  the 
symptoms,  and  death  has  occurred  twenty-nine  days  after  their  onset, 
although  the  apjDlication  of  the  drug  was  discontinued  at  once. 

3.  Delirium  tremens. — This  form  of  delirium  is  always  asso- 
ciated with  chronic  alcoholism,  although  the  exciting  cause  is  often 
a  severe  trauma  such  as  a  fracture  or  operation,  or  an  acute  illness 
such  as  pneumonia.  The  condition  is  sometimes  seen  in  children  to 
whom  small  quantities  of  alcohol  have  been  given,  and  it  not  infre- 
quently occurs  in  adults  who  have  rarely  been  intoxicated  but  who 
are  addicted  to  the  use  of  alcohol  in  numerous  small  doses.  The 
diagnosis  often  comes  as  a  complete  surprise  and  is  received  with 
incredulity  by  the  relatives  who  may  have  been  living  with  the  patient. 
It  is  a  matter  of  dispute  whether  the  sudden  stoppage  of  alcohol  in  a 
patient  who  is  addicted  to  its  use  plays  any  part  in  the  causation  of 
the  condition,  and  most  authorities  deny  such  stoppage  any  etiological 
significance,  but  it  may  be  inadvisable  to  interdict  alcohol  to  a  patient 
accustomed  to  it,  just  after  an  operation  or  accident,  on  account  of 
the  general  restlessness  and  discomfort  that  may  result. 

Delirium  tremens  is  an  excited  or  motor  melancholia  connected 
with  hallucinations,  delusions  of  persecution,  mental  depression, 
often  suicidal  tendencies,  and  loss  of  concentration  of  attention.  Th? 
symptoms  usually  begin  a  day  or  so  after  the  operation  or  accident, 
and  develop  gradually.  The  prodromal  symptoms  are  sleeplessness, 
restlessness,  and  constant  talking,  often  incoherent,  although  the 
patient  will  give  sensible  answers  to  questions.  The  temperature  is 
usually  raised  (100°  F.),  the  tongue  furred,  the  bowels  are  consti- 
pated, and  the  lips  and  fingers  tremulous.  The  appetite  is  poor,  and 
there  may  be  absolute  disgust  for  food,  but  the  patient  is  usually 
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thirsty  and  drinks  large  quantities.  These  symiDtoms  are  indicative 
of  the  onset  of  an  attack  of  delirium  tremens,  and  if  the  patient  can  be 
induced  to  sleejj  and  take  food  the  condition  may  pass  off. 

The  next  stage  of  the  disease  is  one  of  extreme  restlessness,  incoher- 
ency,  and  hallucinations.  These  hallucinations  are  usually  of  sight, 
the  patient  seeing  animals  of  any  description  and  making  attempts 
to  brush  them  away  or  to  escape  from  them.  Hallucinations  of  hear- 
ing are  also  common,  the  patient  complaining  of  voices  which  threaten 
him,  and  often  holding  long,  incoherent  conversations  with  imaginary 
persons.  He  may  also  complain  of  attempts  to  injure  him,  and  may 
do  himself  serious  damage  in  his  attempts  to  escape  from  his  per- 
secutors. Insensibility  to  pain  is  a  marked  feature  of  these  cases,  so 
that  the  patient  will  remove  his  splints  and  attempt  to  walk  on  a 
fractured  lunb  without  showing  any  signs  of  pain. 

The  physical  changes  are  no  less  marked  than  the  mental  :  the 
pulse  is  rapid  and  feeble  ;  there  is  complete  loss  of  apj)etite  and  diges- 
tive power,  and  a  rapid  loss  of  flesh  and  strength.  Constipation  is 
the  rule,  but  there  may  be  diarrhofa,  and  the  urme  and  ffeces  are 
usually  passed  into  the  bed. 

The  patient  insensibly  passes  into  the  third  stage — that  of  exhaus- 
tion, with  a  sleepless,  low,  muttering  delirium,  rapid  feeble  pulse,  dry 
furred  tongue,  sordes  on  the  lips,  and  a  falling  temperature  ;  and,  if 
the  condition  be  not  relieved,  death  from  exhaustion  follows. 

The  prognosis  of  delirium  tremens  is  good  in  a  first  attack  occur- 
ring in  a  fairly  healthy  young  subject  ;  but  ui  elderly  peo23le,  after 
one  or  more  attacks,  the  prognosis  is  grave,  and  death  may  suddenly 
take  place  from  heart  failure. 

Complete  mental  recovery,  so  far  as  the  condition  of  chronic 
alcoholism  will  allow,  is  the  rule  after  a  first  attack  ;  but  the  hallu- 
cinations or  delusions  may  persist  and  the  condition  pass  into  one  of 
delusional  insanity  or  dementia. 

Treatment. — The  great  indications  for  treatment  during  the 
prodromal  stage  of  the  disease  are  to  get  the  patient  to  sleep  natur- 
ally and  to  take  food.  Plenty  of  fresh  air  in  the  room,  easily  digested 
fluid  food  in  small  and  repeated  quantities  day  and  night,  tepid  spong 
ing,  absolute  quietude,  and,  if  the  physical  condition  allow  it,  exercise 
in  the  open  air  till  tired,  will  all  increase  the  chance  of  a  natural  sleep 
and  may  avert  the  attack.  The  bowels  should  be  opened  with  a 
brisk  purge  and  the  patient  not  allowed  to  get  constipated  again. 
Alcohol,  especially  malt  liquors  (stout),  is  often  prescribed  as  a 
sedative  on  the  assumjjtion  that  sudden  cessation  of  all  alcohol  is  a 
cause  of  the  condition,  but  its  value  is  doubtful  ;  and  if  it  be  abso- 
lutely necessary  to  give  h}^notics,  paraldehyde,  morphia,  bromide,  or 
chloral  is  preferable  on  account  of  the  more  certain  action  of  these 
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drugs.  The  majority  of  tliem  are  cardiac  depressants,  and  in  a  disease 
in  which  the  chief  cause  of  a  fatal  result  is  heart  failure  their  action 
must  be  carefully  watched.  Paraldehyde  is  the  drug  most  largely 
used  for  procuring  sleep,  as  it  has  only  a  slight  action  on  the  heart. 

During  the  stage  of  actual  delirium  the  patient  must  be  most  care- 
fully watched,  for  he  may  exhibit  homicidal  and  suicidal  tendencies, 
or  in  attempting  to  escape  from  imaginary  enemies  he  may  fail  to 
recognize  pain  and  danger  and  may  seriously  injure  himself. 

The  use  of  stimulants  during  the  early  stages  of  delirium  tremens  is 
a  matter  on  which  there  is  a  difference  of  opinion,  some  surgeons  with- 
holding them  entirely  whilst  others  advocate  their  use,  especially  in 
the  form  of  alcohol  or  strychnine.  In  the  younger  and  more  robust 
patients  stimulants  are  unnecessary,  and  in  elderly  patients  early 
stimulation  is  followed  later  by  depression,  and  harm  probably  results  ; 
but  in  the  stage  of  exhaustion  their  timely  use  may  tide  the  patient 
over  a  critical  period.  Even  then  more  reliance  should  be  placed  on 
careful  and  frequent  feeding,  good  hygiene,  rest,  and  quiet. 

Physical  restraint  in  cases  where  it  is  necessary  is  best  carried  out 
by  firmly  securing  the  patient  in  bed  by  mechanical  means  so  arranged 
that  he  cannot  injure  himself.  The  patient  will  often  recognize  the 
futility  of  resistance,  whUst  struggling  with  an  attendant  will  increase 
the  excitement  and  bring  with  it  a  corresponding  danger  of  sudden 
heart  failure. 

4.  Delirium  after  injuries  to  the  brain. — After  injury  to 
the  brain  any  one  of  the  above  described  conditions  of  delirium  may 
occur  if  the  cause  be  present ;  but  the  injury  to  the  brain  itself  may  be 
the  direct  cause  of  the  delirium.  The  condition  usually  depends  on 
laceration  of  the  brain,  and  particularly  laceration  of  the  frontal 
lobes,  and  is  spoken  of  as  cerebral  irritation.  The  state  is  one  of 
extreme  mental  irritability  with  physical  depression,  and  may  end 
in  lunacy,  although  only  about  J  per  cent,  of  insanity  cases  can  be 
traced  to  injuries  of  the  head. 

FEVER 

Fever — that  is,  rise  of  temperature,  with  general  malaise,  occurring 
after  an  operation  or  accident — may  be  divided  into  three  varieties, 
according  to  the  cause,  as  follows  :— 

1.  Aseptic  traumatic  feve;. 

2.  Infective  fever. 

3.  Fever  in  connexion  with  injuries  to  the  brain  and  cord. 
1.  Aseptic  traumatic  fever. — Within  twenty-four  hours  of 

an  operation  or  accident  in  which  thorough  drainage  of  the  wound  has 
not  been  employed,  or  blood  is  ex  ravasated  into  the  tissues,  in  which 
it  will  be  found  that  the  patient's  temperature  is  above  normal  and 


FEVER 


343 


that  he  complains  of  headache,  loss  of  appetite,  and  malaise  (Chart  1). 
This  rise  of  temperature  and  malaise  are  due  to  an  absorption 
into  the  blood  of  certain  substances  from  the  wound  which  free 
drainage  would  carry  into  the  dressing.  It  is  believed  that  the  fever 
is  due  to  the  absorption  of  ferments,  of  which  the  most  important  is 
fibrin  ferment,  found  in  the  extravasated  blood  and  serum.  This 
ferment  has  been  demonstrated  free  in  the  blood  after  an  injury,  and 
injection  of  it  is  found  to  be  followed  by  a  rise  of  temperature.  Other 
ferments  producing  the  same  effect  are  pepsin  and  pancreatin  and 
solution  of  hfemogiobin. 

Aseptic  traumatic  fever  is  most  marked  if  the  tissues  have  been 
badly  bruised  and  lacerated,  or  if  strong  antiseptics  have  been  used. 
These  conditions  cause  the  blood-vessels  to  pour  out  more  inflamma- 
tory lymph,  which,  if  not  carried  off  by  drainage,  has  to  be  absorbed, 
with  corresponding  rise  of  temperature.  The  temperature  rarely 
exceeds  100"^  F.,  except  in  the  case  of  children,  and  usually  falls  to 
normal  in  forty-eight  hours,  although  the  rise  may  be  continued  longer  if 
the  amoimt  of  serum  to  be  absorbed  is  large.  With  the  fall  of  tempera- 
ture the  other  symptoms  disappear.  It  is  possible  that  a  continuance 
of  the  fever  may  be  associated  with  constipation  after  an  operation 
and  be  due  to  absorption  of  soluble  decomposing  substances  from  the 
alimentary  canal. 

Asejjtic  traumatic  fever  requires  no  special  treatment  and  may 
be  considered  almost  physiological.  An  aperient  and  a  suitable 
regulation  of  the  diet  after  an  operation  are  all  that  is  needed.  In 
those  cases  in  which  suppuration  occurs,  the  condition  passes  into  that 
of  septic  traumatic  fever. 

2.  Infective  fevers. — An  infective  fever  is  caused  by  the 
growth  in  woimds  of  various  micro-organisms  and  the  absorption  into 
the  blood  of  their  products  of  metabolism.  These  organisms  may  be 
divided  into  two  great  groups — the  specific,  causing  specific  infec- 
tious fevers,  and  the  non-specific.  The  non-specific  are  the  common 
organisms  of  suppuration,  such  as  staphylococcus,  streptococcus,  and 
B.  pyocy emeus,  and  the  symptoms  caused  by  the  absorption  of  their 
toxins  are  grouped  under  the  term  of  septic  traumatic  fever  or  more 
simply  sepsis.  Should  the  organisms  themselves  invade  the  blood- 
.'tream  and  give  rise  to  secondary  metabolic  inflammatory  foci,  the 
condition  is  spoken  of  as  septico-pysemia. 

Septic  traumatic  fever,  or  sepsis. — The  rise  of  tempera- 
ture in  this  condition  may  occur  any  time  after  the  infliction  of  a 
womid,  depending  on  the  time  of  infection  and  the  virulence  and 
incubation  period  of  the  organism.  In  ordinary  cases  the  fever  is 
well  marked  on  the  third  day  after  the  operation,  aseptic  traumatic 
fever  gradually  changing  into  the  more  serious  condition  (Chart  2). 
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The  patient  shows  a  rise  of  temperature  to  102°-104^  F.,  or  the 
onset  may  be  marked  by  a  rigor  in  an  adnlt  and  a  convulsion  in  a 
child.  The  other  symptoms  are  quickened  pulse-  and  respiration- 
rate,  constipation  or  diarrhoea,  and  loss  of  appetite  and  digestive 
power. 

The  urine  is  scanty,  high-coloured,  and  loaded  with  urates,  or  it 
may  be  albuminous.  The  skin  is  hot,  dry,  and  flushed,  and  there  is 
often  mental  disturbance  and  deliiium.  If  the  process  continues,  there 
are  rapid  loss  of  body  weight,  muscular  weakness,  and  a  secondary 
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Chart  1. — Case  of  aseptic  traumatic  fever  following  operation. 
The  wound  healed  by  first  intention. 


anaemia  due  to  haemolysis.  If  the  wound  be  inspected,  the  edges  will 
be  found  acutely  inflamed  and  there  will  be  tension  of  the  stitches. 
The  surrounding  tissue  is  red,  oedematous,  and  painful,  whUe  the 
patient  complains  of  a  throbbing  pain  in  the  wound,  and  if  the  edges 
are  separated  pus  will  probably  exude.  Free  drainage  will  probably  be 
followed  by  a  fall  of  temperature  and  a  cessation  of  the  symptoms. 

In  cases  where  either  a  large  area  has  been  infected,  or  the  virulence 
of  the  organism  is  very  great,  the  temperature  high,  and  the  symptoms 
very  severe,  or  in  elderly  people  or  those  debilitated  from  any  other 
cause,  there  may  be  rapid  cardiac  failure  without  rise  of  temperature 
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(Chart  3).  These  are  spoken  of  as  cases  of  sejjtic  intoxication,  and 
they  frequently  end  in  death,  an  excellent  example  being  the  acute 
infection  of  the  placental  site  which  occurs  after  confinement- — the 
so-called  puerperal  fever. 

Another  form  of  the  same  variety  of  fever  occurs  when  it  is  impos- 
sible to  drain  a  sej^tic  focus  efficiently,  as  when  suppuration  occurs  in 
bones,  and  there  is  a  constant  slight  absorption  of  toxins  taking  place 
over  a  long  period. 

The  temperature  in  these  cases  is  usually  intermittent,  with  an 
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Chart  2. — Case  of  septic  traumatic  fever  fol!owing  operation. 


evenmg  rise,  and  there  is  progressive  muscular  weakness,  with  emacia- 
tion, haemolysis,  cardiac  weakness,  and  other  symjjtoms  of  toxsemia. 
Should  the  process  continue  the  patient  may  die  of  exhaustion,^  or 
lardaceous  degeneration  of  the  smaller  arteries  will  occur.  Such  case 
are  sometimes  spoken  of  as  examples  of  hectic  fever,  but  a  better 
term  is  chronic  sepsis. 

Treatment. — The  treatment  of  fever  due  to  wound  infection  is 
largely  the  treatment  of  the  wound.  The  products  of  bacterial  activity 
must  be  carried  away  from  the  wound  by  free  drainage,  and,  if  neces- 
sary, by  incisions  into  the  surrounding  tissue. 
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In  cases  of  septic  intoxication  due  to  absorption  from  a  large 
cavity,  this  must  be  thoroughly  washed  out  with  antiseptic  lotion, 
and,  if  considered  advisable  and  safe,  some  powerful  germicide,  such 
as  pure  carbolic  acid,  should  be  applied.  Cases  of  chronic  sepsis  should 
be  treated  by  removal  of  necrosed  tissue  and  free  drainage,  or  in  some 
cases  amputation  may  be  necessary. 

The  treatment  of  the  toxsemia  due  to  the  toxins  already  absorbed 
is  appropriate  serum-therapy. 

During  the  continuation  of  the  fever  the  diet  should  be  light  and 

nutritious,  the  bowels  should  be  kept 
open,  and  fluid  should  be  freely  given 
to  aid  the  excretion  of  the  toxins  by 
the  kidneys.  In  chronic  cases  fresh 
air  and  sunlight  are  of  the  utmost 
importance,  and  many  patients 
treated  in  towns  fail  to  improve,  but 
do  so  if  sent  to  the  seaside  or  the 
country. 

There  is  rarely  any  need  for 
specific  medication  to  reduce  the 
temperature,  and  probably  antipy- 
retics do  harm  rather  than  good ; 
but  if  the  temperature  be  very  high 
and  these  remedies  be  not  otherwise 
contra-indicated,  cold  or  tepid  spong- 
ing or  baths  should  be  used  to  reduce 
the  temperature,  and  will  improve 
the  pulse,  respiration,  and  physical 
functions. 

Specific  infectious  fevers. — 
As  far  as  the  rise  of  temperature  and 
general  constitutional  disturbance  are 
concerned,  the  specific  infectious 
fevers  do  not  diiler  markedly  from 
the  non-specific,  the  difference  in  the  two  conditions  being  the 
presence  in  the  former  of  specific  symptoms,  both  local  and  general. 

The  same  applies  to  the  treatment  of  the  fever,  the  general  treatment 
being  that  given  above  for  the  non-specific  fevers,  whilst  the  specific 
treatment  consists  of  appropriate  serum-therapy  and  means  to  counter- 
act the  specific  symptoms,  such  as  the  muscular  spasms  in  tetanus. 

In  chronic  specific  infectious  fevers,  such  as  tuberculosis,  fresh  air, 
sunshine,  and  good  hygienic  conditions  are  at  least  as  important  as 
specific  treatment,  and  are  necessary,  whether  vaccine  treatment  is 
used  or  not. 
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3.  Fever  associated  with  brain   and  cord  lesions. 

• — A  rise  of  temperature,  sometimes  very  marked,  may  be  met  with 
after  various  lesions  of  the  brain  and  spinal  cord.  The  best  instance 
of  this  rise  of  temj^erature  is  met  with  after  liaunorrhage  into  the 
pons  Varolii,  when  the  temperature  may  rise  to  105°-107°  F.,  the 
condition  being  usually  associated  with  pin-point  pupils.  After  any 
cerebral  injury  with  lia?morrliage  and  compression  the  temperature 
may  be  raised,  and  a  steady  rise  of  temperature  frequently  precedes 
death  from  acute  cerebral  compression. 

The  explanation  given  of  this  rise  of  temperature  is  that  it  is  due 
to  interference  with  the  tliermogenetic  centres,  either  causing  increased 
metabolism,  which  raises  the  temperature  of  the  body  generally,  or 
diminished  loss  of  heat  by  irradiation  as  a  result  of  lessened  rapidity 
of  circulation. 

Rise  of  temperature  may  also  be  found  during  mental  excitement 
and  in  hysterical  states,  probably  due  to  functional  disturbance  of  the 
heat  centres. 

Treatment. — The  treatment  of  this  rise  of  temperatiu'e  u  the 
treatment  of  the  underlying  condition,  and,  as  a  rule,  little  can  be  done. 
In  cases  of  cerebral  compression  the  compression  may  be  relieved  by 
trephining,  and  the  temperature  falls  ;  but  a  rise  in  temperature  after 
brain  injury  is  a  grave  prognostic  sign. 
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By  RAYMOND  JOHNSON,  M.B.,  B.S.Lond., 
F.R.C.S.Eng. 

AND 

T.  W.  P.  LAWRENCE,  M.B.Lond.,  F.R.C.S.Eng. 

Definition. — The  name  "  tumour,"  as  employed  by  the  pathologist, 
is  at  the  best  a  compromise,  and  attempts  to  frame  a  definition  of  a 
tumour  which  shall  at  once  be  sufficiently  comprehensive  and  suffi- 
ciently exclusive  have  not  hitherto  been  very  successful.  Indeed,  a 
satisfactory  definition  is,  in  our  present  state  of  knowledge,  impossible, 
because  we  are  ignorant  of  the  true  nature  of  the  pathological  condi- 
tions which  result  in  the  growth  of  tumours,  and  are  therefore  com- 
pelled to  describe  them  merely  on  the  grounds  of  their  histological 
structure  and  mode  of  growth.  It  may,  however,  be  stated  that  a 
tumour,  as  generally  understood,  is  a  new  formation  of  tissue,  which 
originates  without  Icnown  cause,  continues  to  increase  often  without 
relation  to  the  nutritive  condition  or  growth  of  the  part  in  which  it  hes, 
"  comes  to  no  physiological  termination,"  and  serves  no  useful  purpose 
in  the  economy.  Even  such  a  general  definition  as  this  is  open  to 
criticism,  for,  to  take  a  familiar  instance,  an  ossifying  cartilaginous 
tumour  of  a  growing  bone  usually  exliibits  a  period  of  growth  which  is 
to  a  marked  degree  determined  by  that  of  the  bone  from  which  it 
arises. 

It  is,  however,  at  once  clear  that  every  swelling  is  not  a  "  tumour," 
and,  further,  it  may  be  remarked  that  a  tumour  does  not  necessarily 
cause  a  swelling.  The  destruction  of  tissue  occasioned  by  the  growth 
of  a  tumour,  together  with  changes  in  the  tumour  substance  itself, 
may  actually  result  in  a  diminution  in  the  size  of  the  affected  part. 
For  instance,  a  breast  the  seat  of  a  cancerous  growth  is  often  smaller 
than  the  opposite  healthy  gland. 

In  considering  the  many  swellings  which  must  be  excluded  from 
the  class  of  true  tumours,  it  will  at  once  be  obvious  that  the  swelling, 
or  "  tumor"  which  forms  one  of  the  classical  signs  of  acute  inflamma- 
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tion,  presents  features  entirely  different  from  those  above  defiued.  It 
results  from  a  definite,  and  usually  easily  recognizable,  cause ;  consists 
in  an  alteration  in  the  tissues  of  the  part ;  ceases  to  extend,  and  finally 
subsides,  when  the  exciting  cause  ceases  to  act ;  and  in  many  in- 
stances serves  a  useful  purpose  as  a  reaction  of  the  tissues  to  an  injury. 

Again,  a  simple  hypertrophy  differs  from  a  tumour  in  consisting  in 
a  uniform  increase  in  the  tissues  of  a  part,  and  in  retaining,  more  or 
less  exactly,  the  relative  proportions  naturally  present. 

Most  closely  allied  to  true  tumours  are  certain  new  formations  or 
hyperplasias  resulting  from  chronic  inflammation.  For  instance,  in 
the  group  of  diseases  known  as  the  infective  granulomas,  and  includ- 
ing, amongst  others,  tuberculosis,  syphilis,  leprosy,  and  actinomycosis, 
the  local  manifestation  of  the  disease  often  takes  the  form  of  con- 
siderable tumour-like  masses  of  granulation  tissue  resulting  from  the 
effect  upon  the  tissues  of  a  specific  microbic  agent.  Such  a  granuloma 
may  present  features  closely  allied  to  those  of  a  true  tumour,  but  it  is 
dependent  for  its  continued  growth  on  the  continued  action  of  the 
specific  irritant,  and  if  this  ceases  to  act  the  resulting  granuloma 
undergoes  involution  changes,  leavmg,  as  the  sole  evidence  of  its  exist- 
ence, a  loss  of  substance  and  a  cicatrix.  From  the  clinical  point  of 
view,  it  may  be  pointed  out  that  the  syphilitic  gumma  more  closely 
resembles  a  true  tumour  than  any  other  form  of  chronic  inflammatory 
new  growth.  A  most  striking  instance  of  the  close  relationship  which 
may  exist  between  a  simple  hyperplasia  and  a  true  tumour  formation  is 
afforded  by  the  papillomatous  outgrowths  (venereal  warts)  which  are  not 
uncommon  on  the  external  genitalia.  These  growths  clearly  result  from 
the  irritation  of  discharges,  and  in  their  earlier  stages  they  may  com- 
pletely disappear  with  the  cessation  of  the  irritation  which  causes 
them.  Later,  however,  they  may  behave  more  like  actual  tumours, 
and  present  a  progressive  growth  which  is  independent  of  the  con- 
tinued action  of  the  irritant. 

Further  evidence  of  the  difficulty  of  clearly  dift'crentiating  between 
the  tumour  formations  and  the  hyjDertrophies  and  inflammatory  hyper- 
plasias is  afforded  by  the  fact  that  certain  tumours,  especially  of  the 
malignant  type,  frecjuently  take  their  origin  in  tissues  already  damaged 
by  chronic  inflammation.  This  subject  will  receive  further  notice 
subsequently,  and  it  will  be  seen  that  in  the  present  state  of  our  know- 
ledge it  is  often  impossible  to  decide  exactly  when  the  cell  proliferation 
passes  the  limit  which  separates  the  chronic  inflammation  from  the 
actrral  tumour.  Much  laborious  investigation  has  been  carried  out 
in  the  endeavour  to  determine  whether  the  abnormal  cell  growth 
of  the  one  condition  passes  imperceptibly  into  that  of  the  other,  or 
whether  the  action  of  some  specific  irritant  is  necessary  to  bring 
about  the  change. 
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The  occasional  transition  from  a  purely  playsiological  process  into 
a  pathological  tumour  is  exemplified  by  certain  tumours  following 
fractures.  In  the  repair  of  a  fractured  bone  the  amount  of  the  reparative 
tissue  or  callus  is  determined  by  the  demand,  and  varies  directly  with 
the  amount  of  movement  between  the  fragments  and  the  amount  of 
displacement  ;  so  that  the  process  is  throughout  a  purposeful  one.  In 
rare  instances  the  formation  of  new  tissue  exceeds  these  physiological 
limits,  and  by  its  continued  growth  a  veritable  tumour  is  produced. 

Causation. —  The  origin  and  causation  of  tumours  are  matters 
of  extreme  interest,  but  unfortunately  very  little  is  definitely  known 
concerning  them.  Reference  will  be  made  in  the  course  of  this  article 
to  some  of  the  most  important  work  which  has  been  carried  out  in  the 
attempt  to  solve  these  problems.  For  the  present,  it  must  suffice  very 
briefly  to  indicate  certain  considerations  having  a  bearing  upon  the 
general  subject. 

Tumours  have  been  divided  into  two  great  classes — ^the  homologous 
and  the  heterologous.  In  the  former  the  elements  of  the  tumour  cor- 
respond in  nature  with  the  normal  tissue  elements  of  the  part  in  which 
the  tumour  originates  ;  in  the  latter  the  tumour  elements  differ  from 
those  of  the  part  in  which  the  tumour  originates.  Thus  a  fatty  tumour 
arising  in  the  subcutaneous  fat  is  homologous,  whereas  a  cartilaginous 
tumour  of  a  muscle,  or  a  tumour  of  the  kidney  containing  muscle 
fibres,  is  heterologous.  In  tumours  of  the  heterologous  type  there  is 
reason  for  supposing  that  the  cells  in  which  the  tumour  arises  have 
come  to  occupy  their  abnormal  position  by  a  simple  process  of  dis- 
placement in  the  course  of  embryonic  development,  or  as  a  result  of 
trauma.  For  instance,  in  view  of  the  close  relationship  of  the  skeletal 
muscles  with  the  skeleton  itself,  it  is  not  difficult  to  conceive  of  the 
displacement  at  an  early  period  of  certain  cells  destined  to  become 
cartilage  and  their  inclusion  among  the  cells  which  become  muscle- 
fibres.  A  further  most  striking  instance  of  apparent  displacement  is 
met  with  in  the  origin  of  cartilaginous  tumours  of  the  bones  in  the 
immediate  vicinity  of  the  epiphysial  cartilage,  for  it  is  easy  to  suppose 
that  such  a  tumour  develops  from  cartilage  cells  which  have  become 
detached  from  their  normal  position  and,  instead  of  taking  their 
share  in  the  normal  growth  of  the  bone,  grow  independently  into  a 
tumour.  Again,  the  development  of  the  Iddney  occurs  in  tissue  wluch  is 
closely  connected  with  the  muscle  plates  on  either  side  of  the  ver- 
tebral column,  and  the  inclusion  of  muscle-forming  cells  in  the  primitive 
kidney  may  explain  the  presence  of  striped  muscle-fibres  in  a  renal 
tumour.  In  the  kidney  also  the  development  of  a  tumour  having 
the  structure  of  the  cortex  of  the  adrenal  body  has  been  explained  by 
the  discovery  of  Grawitz  that  small  islands  of  adrenal  tissue  can  occa- 
sionally be  demonstrated  within  the  kidney  capsule.    Another  strik- 
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ing  instance  of  a  similar  nature  is  afforded  by  the  small  skin-lined 
cysts  or  dermoids,  which  are  most  common  in  those  situations  in 
which  the  various  parts  that  unite  to  form  the  face  come  into  con- 
tact. In  such  situations  it  is  supposed  that  a  disjilacement  of  epi- 
blastic  cells  into  the  subjacent  mesoblast  takes  place,  and  that  from 
these  displaced  cells  the  dermoid  tumour  takes  its  origin.  According 
to  this  view,  the  origin  of  certain  tumours  is  supposed  to  be  the  result 
of  the  continued  development  of  cells  which  have  come  to  lie  in  the 
wrong  place  ;  the  tumour  is,  indeed,  the  result  of  a  malformation. 
This  explanation,  however,  fails  to  account  for  the  growth  of  the  tumour, 
especially  when,  as  may  be  the  case,  the  growth  occurs  comparatively 
late  in  life. 

The  view  that  tumours,  homologous  as  well  as  heterologous,  owe 
their  origin  to  cells  retaining  their  embryonic  type,  and  persisting  as 
"  rests  "  among  the  fully  developed  tissues,  was  enunciated  and  fully 
discussed  by  Cohnheim,  and  has  met  with  very  wide  acceptance, 
although  the  actual  demonstrable  facts  upon  which  the  theory  is 
based  are  few.  Though  it  is  usually  ascribed  to  Cohnheim,  Eyre  of 
Rome  has  pointed  out  that  a  similar  theory  of  the  origin  of  tumours 
had  previously  been  suggested  by  Durante,  in  1874,  in  the  following 
words  :  "  The  elements  which  have  preserved  embryonal  anatomical 
characters  in  the  adult  organism,  or  which  have  acquired  them  through 
a  deviation  of  the  chemico-physiological  activities,  represent  for  me 
the  generating  elements  of  every  neoplasm  properly  so-called,  and 
especially  of  those  which  are  malignant." 

Whether  or  not  such  a  view  of  the  origin  of  tumours  has  a  general 
application,  it  may  be  accepted  as  more  than  probable  that  a  con- 
genital tissue  abnormality  is  a  most  important  element.  Some  tumours, 
as,  for  instance,  many  angiomas,  are  themselves  present  at  birth  ; 
others  undoubtedly  originate  from  cells  which  are  congenitally  abnor- 
mal, at  least  in  situation  ;  whilst  a  congenital  defect,  such  as  a  pig- 
mented mole,  may  later  in  life  be  the  starting-point  of  a  malignant 
growth.  The  development  of  a  malignant  tumour  in  a  congenitally 
malformed  or  misplaced  part,  such  as  a  retained  testicle,  is  another 
instance  of  interest  in  the  same  connexion.  Our  conception  of  the 
importance  of  the  part  played  by  injury  and  other  accidental  agents  in 
the  causation  of  tumours  will  vary  according  as  we  accept  or  reject 
the  embryonic  theory.  In  the  one  case  an  injury  can  be  supposed 
only  to  act  as  the  excitant  which  brings  into  activity  the  latent 
embryonic  germs ;  in  the  other  case  we  must  suppose  that  traumatism 
or  some  other  form  of  external  irritant  can  so  influence  the  normal  tissue 
cells  as  to  modify  their  mode  of  growth  and  determine  their  develop- 
ment into  a  tumour.  Whichever  view  be  correct,  it  is  impossible  to 
ignore  the  frequency  with  which  a  tumour,  especially  a  malignant 


352 


TUMOURS 


growth,  such  as  a  sarcoma  of  bone,  follows  an  injury,  for  such  cases 
cannot  all  be  explained  by  supposing  that  the  injury  has  merely 
served  to  draw  attention  to,  or  increase  the  growth  of,  a  tumour 
already  in  existence. 

Numerous  examples  could  be  quoted  to  illustrate  the  occasional 
origin  of  tumours  in  connexion  with  vestigial  structures.  For  instance, 
certain  adenomatous  tumours  of  the  uterus  can  only  be  explained 
satisfactorily  by  the  view  that  they  originate  in  vestiges  of  Gartner's 
duct.  Again,  the  postanal  gut  or  neurenteric  canal  is  generally 
believed  to  be  the  origin  of  tumours,  often  of  complex  structure, 
occurring  in  the  region  of  the  coccyx,  while  the  vitelline  duct  and 
allantois  are  the  source  of  certain  adenomatous  tumours  of  the  um- 
bilicus in  the  adult. 

Certain  tumours  of  complex  structure  (teratomas)  illustrate  a 
special  mode  of  congenital  origin.  There  is  strong  evidence  in  sup- 
port of  the  view  that  they  are  closely  allied  to  double  monsters,  and 
result  from  the  irregular  development  of  a  fecundated  ovum  within 
the  body  of  the  individual,  or  from  fission  of  the  embryo. 

Classification. — In  the  absence  of  any  definite  knowledge  con- 
cerning the  causation  of  tumours,  the  only  grounds  upon  which  a  classi- 
fication can  be  founded  are  :  (1)  their  structure,  (2)  their  origin,  and 
(3)  their  mode  of  groivth. 

For  practical  purposes  it  is  convenient  to  adopt  the  first  of  these 
and  to  classify  tumours  according  to  their  histological  structure 
This  classification  possesses  the  advantage  of  being  based  upon  actual 
demonstrable  facts  and  not  upon  considerations  which  are  more 
or  less  theoretical.  A  classification  dependent  upon  the  origin  of 
tumours  is  only  possible  to  a  limited  degree,  and  thus  fails  for  practical 
purposes.  For  instance,  certain  tumours  of  the  jaws,  although  differing 
widely  in  structure,  are  by  some  pathologists  grouped  together  imder  the 
name  "  odontoma  "  because  they  occur  as  the  result  of  irregularities 
in  the  process  of  tooth  formation.  According,  however,  to  a  system 
of  nomenclature  based  solely  on  structure,  an  odontoma  is  a  tumour 
composed  of  dental  tissues,  just  as  an  osteoma  is  a  tumour  composed 
of  bone.  The  mode  of  growth  of  tumours  only  serves  as  a  basis 
of  classification  in  so  far  as  it  is  the  most  important  feature  upon 
which  the  division  is  made  into  the  malignant  and  the  non-malignant 
or  benign. 

A  benign  or  simple  tumour,  although  it  may  attain  enormous 
proportions,  does  not  invade  the  structures  which  surround  it,  but  in  its 
growth  it  may,  as  a  result  of  compression,  bring  about  absorption  of 
the  surrounding  tissues.  Moreover,  a  common,  but  not  constant, 
feature  of  a  simple  tumour  is  the  presence  of  a  capsule,  which  surrounds 
the  tumour  and  forms  a  clear  line  of  demarcation  between  it  and  the 
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parts  around.  A  simple  tumour  only  endangers  life  mechanically,  as  the 
result  of  its  size  and  position.  Thus,  a  small,  perfectly  simple  tumour 
in  the  interior  of  the  larynx  may  prove  fatal  by  causing  obstruction 
to  respiration,  and  a  cartilaginous  tumour  of  the  pelvic  bones  has 
been  known  to  cause  death  by  interfering  with  the  act  of  parturition. 

A  malignant  tumour,  on  the  other  hand,  progressively  invades 
and  destroys  the  tissues  of  the  part  in  which  it  grows,  and  eventually, 
unless  removed,  causes  the  death  of  the  individual.  Malignancy  is  evi- 
denced in  two  ways  :  locally,  by  infiltration  and  the  resulting  destruc- 
tive effect  of  the  tumour  on  the  surrounding  tissues  ;  and  generally,  by 
the  occurrence  of  secondary  deposits,  or  metastases,  in  other  parts  of 
the  body.  This  matter  will  be  more  fully  discussed  later,  and  it  is 
sufficient  here  to  point  out  that  different  malignant  growths  exhibit 
tlie  local  and  general  evidences  of  malignancy  in  very  varying  degrees. 
Thus,  the  tumour  of  the  skin  commonly  known  as  rodent  ulcer  exhibits 
its  malignancy  simply  by  a  slowly  progressive  destruction  of  the  sur- 
rounding tissues,  without,  even  in  its  latest  stages,  showing  any 
tendency  to  produce  metastases.  An  example  of  the  opposite  extreme 
is  often  afforded  by  certain  cutaneous  melanotic  growths,  for,  while  the 
primary  growth  remains  as  an  altogether  insignificant  pigmented  spot, 
it  may  already  have  given  rise  to  widely  distributed  secondary  de- 
posits in  the  lymphatic  glands  and  elsewhere,  which  rapidly  prove  fatal. 

It  is  here  necessary  to  point  out  that  multiflicity  is  in  itself  no 
evidence  of  malignancy.  Fatty  tumours  of  the  most  perfectly  benign 
character  may  be  numbered  by  thousands,  but,  although  they  may 
differ  in  age,  each  tumour  is  an  independent  growth,  and  one  is  as 
much  primary  as  another.  In  the  case  of  multiple  malignant  growths 
it  can  usually  be  clearly  proved  that  one  only  is  primary,  and  that 
the  remainder  are  secondary,  not  merely  in  the  date  of  their  appear- 
ance, but  in  being  actually  derived  from  the  primary  tumour. 

It  is  thus  seen  that  the  distinction  between  a  simple  and  a  malig- 
nant tumour  depends  chiefly  upon  its  mode  of  growth  and  its  behaviour 
in  relation  to  the  surrounding  tissues.  The  question  naturally  arises  : 
Can  the  distinction  be  made  by  a  histological  examination  of  the 
tumour  itself  ?  The  structure  of  the  simple  tumour  is  often  described 
as  typical,  ))y  which  is  understood  that  it  imitates  more  or  less  closely 
a  certain  normal  type,  such  as  fat,  a  blood-vessel,  or  a  secreting  gland. 
A  malignant  tumour,  on  the  contrary,  is  more  or  less  atypical  in 
its  structure,  and  consists  of  connective-tissue  or  epithelial  cells 
wliicli  take  on  an  irregular  and  uncontrolled  mode  of  growth,  so  that 
although  they  may  retain,  in  the  main,  the  type  of  structure  from 
which  they  have  arisen,  they  show  modifications,  sometimes  to  a  very 
marked  degree.  For  instance,  a  simple  glandular  tumour  of  the  breast 
imitates  more  or  less  closely  the  acinous  structure  of  the  mammary 
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gland,  whilst  a  malignant  growtli  arising  in  the  glandular  ej^ithelium 
may  lose,  more  or  less  completely,  this  feature,  and  the  epithelium  may 
proliferate  in  a  manner  entirely  unnatural  to  the  gland.  On  the  other 
hand,  the  glandular  structure  may  be  well  preserved,  and  it  may  be 
difficult,  in  the  absence  of  a  clinical  history,  to  differentiate  the  tumour 
from  a  simple  adenoma.  In  the  histologica,l  examination  of  a  tumour, 
with  a  view  to  deciding  upon  its  simple  or  malignant  nature,  the  most 
valuable  information  is  obtained  by  observing  the  appearances  pre- 
sented by  the  spreading  edge  of  the  growth  rather  than  by  confining 
the  attention  to  the  details  of  structure.  The  microscopic  section 
should,  if  possible,  include  not  only  the  tumour,  but  also  the  tissues 
surrounding  it,  and  the  pathologist  should  be  very  cautious  of  express- 
ing a  final  opinion  from  the  examination  of  a  fragment  removed  from 
the  centre  of  the  growth. 

The  terms  "  typical  "  and  "  atypical,"  as  applied  to  simple  and 
malignant  growths  respectively,  must  be  used  with  some  reserve,  for, 
as  we  have  said,  the  tendency  of  malignant  growths  to  lose  the  normal 
type  of  the  part  in  which  they  originate  varies  greatly.  For  instance, 
certain  malignant  tumours  of  the  thyroid  retain  in  a  striking  degree 
the  typical  structure  of  the  normal  gland,  and  this  may  be  observed 
not  only  in  the  primary  tumour,  but  also  in  the  metastases. 

In  a  classification  based  upon  their  structure  the  following  are 
the  tumours  which  can  be  recognized  as  distinct  types  : — 


Lipoma 
Fibroma  . 
Myxoma  . 
Glioma 
Chondroma 
Osteoma  . 
Myeloma  . 
Odontoma 
Myoma 
Neuroma  . 
Lymphoma 
Angioma  . 
Endothelioma 
Papilloma 
Adenoma  . 

Carcinoma 
Sarcoma  . 
Teratoma 


A  tumour  composed  of  adipose  tissue. 
,,  ,,  fibrous  tissue. 

,,  mucous  tissue. 

,,  ,,  neuroglia. 

,,  ,,  cartilage. 

,,  ,,  bone. 

.,  red  marrow. 

,,  ,,  dental  tissue. 

,,  muscular  tissue. 

,,  .,  nervous  tissue. 

,,  ..  lymphoid  tissue. 

.,  blood- or  lymph-vessels. 

.,  ,,  endothelium. 

,,      having  the  structure  of  a  papilla. 
,,  ,,  .,  a  secreting 

gland. 

A  malignant  epithelial  growth. 

,,         connective- tissue  growth. 
A  tumour  composed  of  tissues  so  arranged  as  to 

bear  a  more  or  less  marked  resemblance  to  a 

foetal  part  or  organ. 


CLINICAL  EXAMINATION 


355 


Tumours  of  mixed  structure  are  very  common,  and  are  distin- 
guished by  suitable  compound  names,  such  as  fibro-myoma,  myxo- 
chondroma, osteo-sarcoma,  etc.  The  fibrous  tissue,  which  in  a  vary- 
ing amount  is  present  as  the  stroma  of  nearly  all  tumours,  does  not 
indicate  a  mixed  structure  unless  it  is  present  in  such  amount  as  to 
impart  special  characters  to  the  growth.  A  simple  fatty  tumour 
contains  a  connective-tissue  stroma  holding  together  the  fat  lobules, 
but  it  is  only  when  it  exists  in  excessive  amount  that  the  tumour  is 
termed  a  fibro-lipoma. 

Clinical  examination  of  a  tumour. — Before  proceeding  to 
the  consideration  of  the  different  forms  of  new  growth,  it  may  be  useful 
to  indicate  some  of  the  most  important  points  requiring  observation 
in  the  jjractical  examination  of  a  tumour  with  a  view  to  determining 
its  nature.  The  position  of  the  tumour  is  often  of  great  diagnostic 
value,  and  as  far  as  possible  its  relation  to  the  neighbouring  anatomical 
structures  should  be  carefully  observed.  For  example,  in  the  case  of 
a  tumour  in  one  of  the  limbs,  it  is  necessary  to  determine  its  relation 
to  the  surrounding  muscles,  and  whether  or  not  it  is  connected  witii 
the  bone.  Again,  in  examining  an  abdominal  tumour,  the  observer 
must  endeavour  to  decide  whether  it  is  confined  to  the  abdominal  wall, 
or  whether  it  is  actually  in  the  abdominal  cavity,  and  in  the  latter 
case  to  search  for  any  evidence  of  its  connexion  with  one  or  another 
of  the  abdominal  viscera.  Valuable  information  can  often  be  obtained 
by  noting  the  effect  on  the  tumour  of  voluntary  contraction  of  the 
surrounding  muscles,  whilst,  on  the  other  hand,  when  the  growth  is 
deeply  seated,  the  examination  is  greatly  facilitated  by  complete 
muscular  relaxation,  such  as  can  sometimes  only  be  obtained  by  the 
administration  of  an  anaesthetic. 

The  actual  size  of  a  tumour  is  not  always  at  once  apparent,  for, 
especially  when  deeply  seated,  it  is  likely  to  be  confused  by  a  want 
of  definition  from  the  overlying  tissues. 

The  shape  must  be  actually  noted,  and  the  presence  or  absence  of 
lobulation  of  the  surface  observed. 

The  consistence  is  often  a  very  useful  indication  in  diagnosis, 
and  may  vary  from  a  softness  suggestive  of  fluid  to  a  hardness  equal 
to  that  of  bone.  When  a  tumour  is  soft  it  may  be  difficult  to  decide 
whether  it  is  solid  or  fluid,  for  some  soft  solid  tumours  give  to  the 
fingers  a  sense  of  elasticity,  or  even  fluctuation,  which  may  be  very 
suggestive  of  fluid.  When  the  observer  is  in  doubt  on  this  point  he 
should  carefully  examine  the  edge  of  the  swelling,  which,  in  the  case 
of  a  soft  solid  tumour,  can  often  be  felt  as  a  distinct,  rounded  border, 
whilst  if  the  tumour  is  fluid  no  such  border  is  palpable.  It  is  still  more 
important  to  remember  that  a  hard  tumour  is  not  necessarily  solid. 
A  tense  cyst  may  be  so  hard  as  to  deceive  the  most  careful  observer. 
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Paget's  test  is  useful  in  this  connexion :  A  hard,  solid  tumour  is 
hardest  at  its  thickest  part ;  a  hard  fluid  swelling  is  least  hard  at  its 
central,  thickest  part.  Confusion,  indeed,  arises  so  often  between  fliiid 
and  solid  swellings — as,  for  instance,  between  a  sarcoma  and  a  chronic 
abscess — that  the  surgeon  will  be  wise  to  adopt  every  method  of 
examination  for  the  presence  of  fluid ;  and  the  examination  of  swell- 
ings, which  may  possibly  contain  clear  fluid,  for  translucency  is  too 
often  neglected. 

In  examining  the  consistence  of  a  tumour,  pulsation  is  occasion- 
ally observed,  and  may  sometimes  be  of  invaluable  assistance,  as,  for 
instance,  in  distinguishing  a  vascular  tumour  of  a  bone  from  a  chronic 
abscess.  Often  the  pulsation  is  so  slight  that  it  is  only  detected  when 
the  examination  is  especially  directed  to  it.  It  can  sometimes  be 
elicited,  even  when  not  palpable,  by  holding  the  small  end  of  a  wooden 
stethoscope  steadily  and  firmly  on  the  surface  of  the  tumour  and 
noticing  the  movements  of  the  opposite  end  of  the  instrument.  A 
hruit  is  occasionally  audible.  The  pulsation  transmitted  to  a  tumour 
which  lies  in  the  immediate  neighbourhood  of  a  large  artery  must,  of 
course,  be  carefully  distinguished  from  the  true  pulsation  of  the 
tumour  itself. 

The  relation  of  the  tumour  to  the  surrounding  tissues 

must  carefully  be  noted,  especially  as  concerns  its  independent  mohilitij. 
The  determination  of  the  fact  that  a  tumour  can  be  moved  indepen- 
dently of  the  tissues  surrounding  it  is  often  of  great  importance  as 
a  diagnostic  sign  ;  the  reverse  is  equally  true,  and  evidence  that  a 
growth  has  become  fixed  to  the  surrounding  parts  may  be  a  physical 
sign  of  great  moment.  Mobility  may,  however,  be  misleading,  for 
it  may  occur  witJi,  and  not  indefendently  of,  the  surrounding  structures. 
For  instance,  a  tumour  of  the  neck  which  has  already  involved  the 
sterno-mastoid  and  even  the  large  vessels  may,  in  certain  positions 
of  the  head,  possess  a  considerable  degree  of  mobihty.  It  is  often 
important  to  notice  whether  a  movable  tumour  can  be  moved  equally 
freely  in  all  directions. 

In  the  case  of  a  superficially  situated  tumour,  it  is  important  to 
note  the  condition  of  the  overlying  skin,  especially  its  colour,  the  pre- 
sence of  enlarged  veins,  the  presence  of  oedema,  and  also  to  observe 
whether  the  skin  can  be  raised  freely  from  the  surface  of  the  tumour 
or  is  more  or  less  adherent  to  it.  "When  a  tumour  has  actually  involved 
a  cutaneous  or  mucous  surface,  ulceration  is  common,  and  a  careful 
examination  of  the  ulcer  is  likely  to  prove  of  valuable  assistance  in 
diagnosis.  The  character  of  the  surface,  borders,  and  base  must  be 
accurately  noted,  as  well  as  that  of  the  discharge.  The  appearance  of 
the  ulcerated  surface  of  a  tumour  may  be  so  modified  by  secondary 
inflammatory  changes  that  its  true  nature  may  be  obscured ;  and 
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again,  it  must  be  remembered  that  the  destruction  of  the  tumour 
substance  by  the  ulcerating  and  necrotic  processes  may,  to  a  large 
extent,  obscure  the  evidence  that  an  actual  tumour  exists.  In  an 
obscure  case  valuable  information  may  sometimes  be  obtained  by 
microscopic  examination  of  the  discharges  from  an  ulcer,  and  thus, 
for  instance,  an  actinomycotic  granuloma  may  be  distinguished  from 
an  ulcerated  tumour.  Evidence  obtained  from  the  microscopic  ex- 
amination of  a  fragment  removed  from  the  floor  of  an  ulcer  may  be 
invaluable,  but  requires  to  be  considered  with  much  caution. 


BENIGN  TUMOURS 
LIPOMA 

A  lipoma  may  be  taken  as  the  most  simple  example  of  an  inno- 
cent growth,  because,  however  long  its  duration  and  however  large 
its  size,  it  almost  always  retains  its 
simple  structure  unchanged.  The  most 
typical  lipoma,  that  met  with  in  the 
subcutaneous  tissue,  may  conveniently 
be  first  described. 

Structure.  —A  lipoma  consists 
of  fat,  which  usually  differs  slightly  in 
appearance  from  the  normal  fat  of 
the  part  in  which  it  lies.  It  is  often 
rather  pale  in  colour,  and  is  composed 
of  larger  or  smaller  lobules  which  are 
held  together  by  connective  tissue. 
These  give  the  tumour  a  very  irregular 
outHne  (Fig.  40).  Surroimding  the 
tumour  is  a  w^ell-marked  fibrous  cap- 
sule, firmly  connected  with  the  sur- 
rounding tissues,  but  very  loosely  con- 
nected with  the  tumour  itself.  In 
addition,  a  very  delicate  capsule,  which 
forms  the  surface  of  the  tumour,  is 
continuous   with    the    areolar  tissue 

holding  together  the  lobules  of  fat.  The  histological  structure  of  a 
lipoma  is  that  of  normal  adipose  tissue. 

Clinical  features. — A  subcutaneous,  fatty  tumour  may  occur  in 
almost  any  part  of  the  surface  of  the  body,  but  the  favourite  situations 
are  the  shoulder  and  back  (Fig.  41).  The  tumour  forms  a  soft,  cir- 
cumscribed, lobulated  swelling,  and  may  have  almost  any  extremes 
of  size.  It  moves  freely  on  the  deep  fascia  and  the  overlying  skin  is 
usually  normal.    By  careful  pressure  on  the  margin  of  the  tumour, 


Fig.  4(1. — Lipoma  of  subcuta- 
neous tissue,  showing 
marked  lobulation. 
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its  rounded  edge  can  be  felt  distinctly  to  slip  away  from  under  the 
finger.  Not  infrequently  tlie  skin  over  the  tumour  is  slightly  dimpled 
at  one  or  more  points,  or,  if  this  is  not  so,  the  dimpling  can  often  be 
produced  by  grasping  the  tumour  and  pressing  it  up  so  as  to  stretch 
the  skin  over  it.  The  dimples  are  caused  by  the  slight  traction  exer- 
cised on  the  skin  by  the  fibrous  bands  passing  from  the  cutis  to 

the  capsule  of  the  tumour 
between  the  lobules.  After 
reaching  a  certain  size,  a 
fatty  tumour  often  remains 
stationary,  and  does  not  ne- 
cessarily shrink  as  the  result 
of  general  wasting.  Occa- 
sionally such  a  tumour  may, 
without  apparent  cause,  take 
on  a  very  rapid  growth  and 
reach  a  large  size  even  in  a 
few  weeks. 

A  fatty  tumour  is  rarely 
productive  of  any  symptoms, 
except  such  as  may  result 
from  its  size  or  position. 
Sometimes,  however,  especi- 
ally in  women,  it  may  be  the 
seat  of  a  varying  amount  of 
pain. 

In  some  situations,  such 
as  the  shoulder  and  back,  a 
fatty  tumour  may  gradually 
shift  its  position  under  the 
influence  of  gravity,  and  from 
the  same  cause  the  tumour 
sometimes  becomes  peduncu- 
lated  (Fig.  42).     A  superficial  lobule  of  the  tumour  occasionally 
projects  through  the  capsule,  and,  covered  by  the  thinned  skin,  forms, 
as  it  were,  a  pedunculated  appendage  to  the  main  tumour. 

The  diagnosis  of  a  subcutaneous  lipoma  is  rarely  attended 
with  difficulty.  On  account,  however,  of  its  very  soft  consistence, 
it  may  be  mistaken  for  a  fluid  swelling,  especially  a  chronic  abscess 
or  a  sebaceous  cyst.  The  most  characteristic  features,  which  usually 
serve  to  distinguish  a  lipoma,  are  its  distinct  lobulation  and  the  pre- 
sence of  a  definite  rounded  border,  which  slips  from  under  the  exam- 
ining finger.  When  the  edge  of  an  entirely  fluid  swelling  is  examined 
in  this  way  the  fluid  is  displaced,  and  no  definite  border  is  palpable. 


Fig.  41. — Lipoma  of  neck.    The  lobu- 
lation of  the  tumour  can  be  seen. 
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The  distinction  between  a  lipoma  and  other  soft,  solid  tumours,  such 
as  certain  soft  fibromas  and  sarcomas,  is  rarely  difficult.  In  certain 
situations  a  lipoma  may  simulate  some  form  of  tumour  peculiar  to 
the  part  ;  thus  a  fatty  tumour  lying  over  the  breast  may  be  mis- 
taken for  a  soft  adenoma  of  the  gland. 

Treatment. — In  removing  a  fatty  tumour,  it  is  essential  that  the 


Fig.  42. — Pedunculated  lipoma  of  groin. 

capsule  be  freely  opened  and  the  tumour  enucleated  from  it,  care  being 
taken  that  an  outlying  lobule  is  not  accidentally  detached.  In  prac- 
tice it  is  well  to  carry  the  incision  through  the  skin  and  capsule  actu- 
ally into  the  surface  of  the  tumour,  so  that  the  separation  of  the 
tumour  be  not  commenced  outside,  instead  of  inside,  the  capsule. 

Modifications  of  structure.— In  the  great  majority  of  cases  a 
fatty  tumour  remains  unaltered  in  structure,  however  large  the  size 
which  it  may  attain,  the  slight  differences  in  consistence  met  with  in 
different  tumours  or  in  the  diiierent  lobules  of  the  same  tumour  being 
due  to  a  varying  admixture  of  fibrous  tissue.    As  the  result  of  pressure 
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or  other  irritation,  the  skin  over  a  subcutaneous  lipoma  may  ulcerate, 
and  in  rare  instances  this  has  been  followed  by  suppuration  and  even 
sloughing  of  the  tumour  substance. 

In  some  cases  opaque,  whitish  areas  occur  in  fatty  tumours  as 
the  result  of  necrosis,  and  resulting  from  this  a  process  of  saponifica- 
tion may  take  place.  Cavities  are  thus  formed  in  the  tumour,  contain- 
ing a  soapy  fluid  resulting  from  the  combination  of  the  fatty  acids 
with  the  calcium  and  sodium  salts  of  the  plasma.  Independently  of, 
or  sometimes  associated  with,  saponification,  calcification  may  occur, 
either  in  the  substance  of  the  tumour  or  in  the  form  of  an  eggshell- 
like layer  surrounding  one  of  its  lobules. 

We  do  not  know  of  any  recorded  case  in  which  it  has  been  certainly 
proved  that  a  fatty  tumour  has  undergone  a  sarcomatous  meta- 
morphosis. A  case,  however,  has  been  observed  by  us  in  which  a 
sarcoma  of  the  skin  of  the  left  arm  was  associated  with  the  presence 
of  multiple  fatty  tumours  of  the  right  forearm  and  both  thighs,  and 
in  which  the  history  strongly  suggested  that  such  a  change  had 
occurred. 

Mixed  tumours,  composed  of  fat  and  najvoid  tissue  (naevo-lipomas), 
will  most  conveniently  be  considered  with  the  angiomas.  Certain 
teratomas  also  may  be  largely  composed  of  fat. 

Multiple  subcutaneous  lipomas. — These  ra,rely  reach  a 
large  size,  but  may  be  present  in  almost  any  number,  and  may  be 
distributed  irregularly  over  the  trunk  and  hmbs,  or  may  be  limited 
in  distribution,  being  present  sometimes  in  symmetrical  parts,  as, 
for  instance,  the  two  forearms.  In  some  cases  the  tendency  to  the 
growth  of  multiple  lipomas  has  been  hereditary.  In  Broca's  case, 
quoted  by  Roger  Williams,  2,080  tumours  could  be  counted  on  the 
head  and  neck,  trunk,  and  hmbs.  The  first  tumour  was  noticed  on 
the  thigh  at  the  age  of  25,  and  was  excised  six  years  later.  Subse- 
quently the  multiple  tumours  appeared,  and  at  the  age  of  70  the 
patient  came  under  the  care  of  Broca  for  dysphagia,  which  even- 
tually caused  death.  Examination  after  death  revealed  the  presence 
of  a  large  fatty  growth  surrounding  the  oesophagus  and  completely 
occluding  it. 

It  is  rarely  that  any  difficulty  occurs  in  the  diagnosis  of  multiple 
lipomas.  From  multiple  fibromas  they  are  usually  readily  distin- 
guished by  their  lobulation  and  softer  consistence. 

Diffuse  lipoma.' — This  variety  differs  from  the  encapsuled 
form  in  that  it  forms  a  fatty  mass  indistinguishable  from  the  sub- 
cutaneous fat  of  the  part  in  which  it  grows.  It  was  first  clearly  recog- 
nized by  Sir  Benjamin  Brodie  in  1846.  Diffuse  lipoma  is  most  com- 
mon in  the  neck,  especially  in  the  suboccipital  regions,  where  it  forms 
symmetrical  tumours  over  the  muscles  attached  to  the  occipital 
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bone,  and  in  the  anterior  region  of  the  neck,  forming  large  pen- 
dulous, lobulated  masses,  encroaching  on  the  cheeks  (Fig.  43).  Diffuse 
lipoma  is  rarely  met  with  except  in  fat  persons  of  about  middle 
age,  and  is  much  more  common  in  men  than  in  women.  Roger 
Williams,  in  LSOO,  was  able  to  collect  records  of  thirty-two  cases 
of  diffuse  lipoma.  Of  these,  all  except  one  were  men,  and  the 
relation  of  the  disease  to  chronic  alcoholism  was  brought  out  in  a 


Fig.  43. — Diffuse  lipoma  of  neck. 

{Ko^'er  ll'iU.a///s^  Trans,  Path,  St'C,  vol,  xli.} 

considerable  number  of  the  cases,  thus  suggesting  that  these  difluse, 
fatty  growths  are  closely  allied  to  the  large  deposits  of  fat  met  with 
in  the  abdomen  and  elsewhere  in  the  bodies  of  drunkards.  The  con- 
dition, indeed,  hardly  deserves  to  be  included  among  true  tumour 
formations,  and  the  name  "  diffuse  pseudo-lipoma  "  is  often  applied 
to  it.  The  constituent  fatty  tissue  presents  nothing  unusual,  but  the 
suboccipital  portions  of  the  growth  are  often  unusually  firm,  and 
send  prolongations  amongst  the  deep  muscles  of  the  part,  whilst 
presenting  a  more  definite  border  at  the  level  of  the  superior  curved 
line  of  the  occipital  bone. 
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The  operative  treatment  of  these  diffuse,  fatty  growths  in  the 
neck  is  not  very  satisfactory,  and  is  rarely  called  for.  Eemoval  of 
the  most  disfiguring  parts  of  the  growth  has,  hoAvever,  been  carried 
out  with  some  success. 

While  speaking  of  diffuse,  fatty  growths  in  the  neck,  mention 
must  be  made  of  those  occurring  in  cretinism  and  myxcedema.  The 
fatty  masses  in  these  cases  are  present  chiefly  in  the  supraclavicular 
fossae,  and  were  first  described  in  cretins  by  Curling  in  1850,  and  in 
the  subjects  of  myxa?dema  by  Ord  in  1878.  Shattock,  who  has  care- 
fully studied  these  fatty  formations,  finds  that  in  the  situations  in 
which  they  occur  deposits  of  a  special  form  of  fa.t  can  be  demon- 
strated in  the  human  foetus.  The  fat  cells  differ  from  those  of  ordinary 
adipose  tissue  in  the  presence  of  numerous  fat  globules  within  a  single 
cell,  a  peculiarity  also  met  with  in  certain  fatty  structures  in  the  neck 
and  elsewhere  in  some  of  the  lower  animals.  It  has  been  noticed 
that  these  fatty  deposits  in  cretins  disappear,  like  the  general  excess 
of  fat,  under  treatment  with  thyroid. 

Diffuse  fatty  growths  in  the  limbs,  sometimes  congenital,  consti- 
tute one  form  of  macrodactyly  and  other  varieties  of  local  gigantism. 

The  name  "  adiposis  dolorosa  "  has  been  applied  by  Dercum  of 
New  York  to  an  unusual  condition,  met  with  chiefly  in  women, 
and  characterized  by  the  association  of  diffuse  and  localized  fatty 
formations,  especially  in  the  limbs,  with  severe  pain  in  the  affected 
parts. 

Subfascial  and  intermuscular  lipoma. — Deeply  seated 
fatty  tumours  are  of  practical  importance  chiefly  by  reason  of  the 
difficulty  which  often  occurs  in  recognizing  their  nature.  As  examples 
of  this  variety  may  be  mentioned  lipomas  occurring  beneath  the  glu- 
teus maximus,  in  the  sole  of  the  foot,  beneath  the  palmar  fascia, 
and  in  the  substance  of  the  tongue.  A  deeply  seated  lipoma  is  espe- 
cially liable  to  be  mistaken  for  a  chronic  abscess.  Thus,  in  a  case 
which  came  under  our  notice,  the  tumour,  which  lay  beneath  the 
trapezius  muscle,  between  the  right  scapula  and  the  spine,  was 
regarded  as  an  abscess,  probably  due  to  tuberculous  disease  of  a  rib, 
until  its  true  nature  was  revealed  by  an  incision.  A  fatty  tumour  in 
the  palm  may  resemble  the  swelling  caused  by  tuberculosis  of  the 
synovial  sheath  of  the  flexor  tendons. 

Tubby  has  described  a  painful  form  of  lipoma  of  the  foot  in  which 
the  tumour  is  situated  in  the  inner  part  of  the  sole  below  the  internal 
malleolus.    The  tumour  is  diffuse  and  very  vascular. 

Parosteal  lipoma  is  another  example  of  a  deeply  seated,  fatty 
tumour,  the  growth  being  firmly  connected  with  periosteum.  Accord- 
ing to  Bland-Sutton  the  tumour  is  usually  congenital,  and  nearly  always 
contains  striated  muscle  fibres.    It  has  been  met  with  in  the  bones  of 
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the  limbs,  the  skull,  the  spine,  and  the  pelvis.  In  a  case  recorded  by 
D'Arcy  Power,  a  boy  aged  9  years  was  admitted  into  St.  Bartholomew's 
Hospital  for  a  soft,  jjainless,  elastic  swelling  on  the  outer  aspect  of 
the  upper  third  of  the  thigh.  The  tumour,  which  before  operation  was 
believed  to  be  a  chronic  abscess,  proved  to  be  a  large  fatty  tumour 
firmly  attached  by  a  broad  base  to  the  periosteum  of  the  femur 
below  the  lesser  trochanter.  A  parosteal  lipoma  of  the  calvarium  may 
be  distinguished  from  a  sebaceous  cyst  by  its  hemispherical  shape  and 
fixation  to  the  bone. 

Subserous  and  subsynovial  lipoma.  —  A  fatty  tumour 
occasionally  arises  in  the  loose  tissue  external  to  the  serous  mem- 
branes, such  as  the  pleura  and  peritoneum.  Subperitoneal  hpomas 
have  been  met  with  in  many  different  situations,  such  as  the  mesen- 
tery, omentum,  broad  ligament,  and  in  connexion  with  the  peri- 
toneum of  the  parietes.  The  most  important  form  is  that  which 
occupies  the  retroperitoneal  tissue  and  forms  a  tumour,  sometimes 
of  very  large  size,  behind  the  abdominal  viscera.  As  a  rule,  such 
a  tumour  originates  in  the  perirenal  fat,  but  Adami,  who  in  1897 
collected  42  cases,  found  that  in  some  instances  the  tumour  begins 
in  the  mesenteric  fat,  and  in  others  the  exact  origin  is  doubtful.  '  As 
Alban  Doran  and  others  have  shown,  the  removal  of  such  a  tumour 
is  a  very  serious  proceeding,  and  in  several  instances  has  proved  fatal. 
On  the  other  hand,  a  lipoma  of  the  omentum  may  be  removed  without 
any  serious  risk. 

Malapert  has  recorded  a  case  in  which  a  lipoma  weighing  6,(i5U  grm. 
evidently  had  its  origin  in  one  of  the  appendices  epiploicse  of  the 
sigmoid  colon.  The  patient,  a  woman  aged  38,  had  suffered  from  a 
painless  enlargement  of  the  abdomen  for  eighteen  months.  The  tumour 
was  diagnosed  as  an  ovarian  cyst,  but  proved  to  be  a  large  lipoma 
attached  by  a  slender  pedicle  to  the  sigmoid  colon. 

Reference  may  here  be  made  to  certain  fatty  growths  not  un- 
commonly met  with  in  the  linea  alba,  especially  above  the  umbilicus 
and  at  the  various  hernial  orifices.  Such  growths,  which  ma}' 
simulate  true  lipomas  on  the  one  hand,  or  omental  hernias  on  the 
other,  are  probably  always  derived  from  the  subserous  tissue,  and 
within  the  mass  of  fat  a  small  peritoneal  sac  is  usually  present.  Fatty 
tumours  of  the  spermatic  cord  and  labium,  although  they  may  occur 
independently  of  the  presence  of  a  peritoneal  sac,  probably  belong 
to  the  same  group.  In  a  few  recorded  cases,  as,  for  instance,  one 
described  by  McGavin,  a  tumour  of  the  perineum,  closely  resembling 
a  perineal  hernia,  has  proved  to  be  composed  entirely  of  fat,  the  tumour 
being  sometimes  associated  with  an  overgrowth  of  the  subperitoneal 
fat  in  the  lower  part  of  the  abdomen. 

Closely  aUied  to  the  subserous  lipomas  are  the  fatty  growths 
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■wliicli  are  sometimes  present  over  the  protrusion  of  the  membranes 
in  a  cranial  or  spinal  meningocele,  and  it  should  always  be  borne  in 
mind  that  a  fatty  tumour  in  the  lumbo -sacral  region,  especially  in  an 
infant,  may  very  likely  lie  over  and  obscure  a  small  meningocele. 
It  has  happened,  as  the  result  of  this  fact,  that  the  operation  under- 
taken for  the  removal  of  such  a  tumour  has  proved  to  be  far  from 
the  simple  procedure  which  was  anticipated,  and  has  even  resulted 
in  death  from  meningitis. 

The  name  "  arborescent  lipoma  "  has  been  applied  to  certain  fatty 
growths  occasionally  found  in  joints  affected  with  rheumatoid  arthritis. 
Such  formations  are  in  no  sense  true  tumours,  but  merely  represent 
a  modification  of  the  hypertrophy  of  the  synovial  fringes  so  common 
in  this  disease.  A  subsynovial  fatty  growth  may,  however,  present 
itself  as  a  localized  tumour  which,  on  account  of  its  relation  to  one 
of  the  large  joints,  is  liable  to  be  mistaken  for  a  synovial  cyst.  Rowlands 
has  recorded  a  case  of  this  nature,  in  which  a  tumour  in  front  of  the 
shoulder,  and  arising  in  the  subsynovial  tissue  of  the  bicipital  groove, 
closely  resembled  one  of  the  synovial  cysts  first  described  by  Morrant 
Baker,  and  known  by  his  name. 

Submucous  lipoma. — Fatty  tumours  may  occur  in  connexion 
with  mucous  membranes,  as  those  of  the  lar3mix,  stomach,  intestines, 
and  the  conjunctiva.  In  the  intestine  a  lipoma  is  an  occasional  cause 
of  obstruction,  and  in  several  recorded  cases  has  resulted  in  intussus- 
ception. Bland-Sutton  has  recorded  the  case  of  a  man  aged  44,  who 
for  seven  years  had  sufiered  from  indefinite  intestinal  disturbances, 
which  culminated  in  an  attack  of  threatened  obstruction.  At  the 
operation  a  tumour  was  discovered  in  the  bowel  2  inches  below  the  ileo- 
colic valve,  and  proved  to  be  a  submucous  lipoma  weighing  2  oz. 

Submucous  lipomas  have  been  met  with  in  various  parts  of  the 
larynx,  and  Shattock  has  shown  that  fat  cells  are  present  nonnally 
in  all  the  positions  in  which  such  tumours  have  been  found.  In  the 
Museum  of  the  Royal  College  of  Surgeons  is  a  specimen  of  a  lipoma, 
IJ  inches  in  its  greatest  diameter,  growing  to  the  left  of  the  middle 
line  beneath  the  mucous  membrane  of  the  adjacent  parts  of  the  tongue 
and  epiglottis.  The  tumour  caused  sudden  death  in  a  man  76  years 
of  age. 

FIBROMA 

A  fibroma  is  a  tumour  composed  of  undifferentiated  white  fibrous 
tissue,  and,  like  it,  varies  much  in  the  density  of  the  fibrous  stroma 
and  the  character  and  number  of  the  cell  elements.  In  view  of  the 
wide  distribution  of  fibrous  connective  tissue  throughout  the  body, 
it  is  remarkable  that  simple  fibrous  tumours  are  by  no  means 
common.    Although  all  gradations  are  met  with  between  the  two 
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varieties,  it  is  usual  and  convenieut  to  recognize  the  hard  and  the 
soft  forms. 

A  iiard  fihronia  tends  to  assume  a  more  or  less  globular  form,  and 
is  often  lobulated,  although  rarely  to  such  an  extent  as  a  lipoma. 
The  smooth  surface  of  the  tumour  is  easily  separable  from  the  tissues 
in  which  it  lies,  except  from  the 
part,  such  as  the  periosteum,  in 
which  it  arises,  but  no  capsule 
separable  from  the  fibrous  sub- 
stance of  the  tumour  can  be 
defined.  When  it  is  cut  with 
a  knife  a  peculiar  creaking  sen- 
sation is  felt,  and  the  tough 
unyielding  consistence  of  the 
tumour  is  obvious.  The  cut  sur- 
face is  usually  flat  or  very 
slightly  convex,  and  presents  a 
very  characteristic  appearance, 
caused  by  the  intersecting  glis- 
tening bands,  like  those  compos- 
ing a  tendon.  Often  the  fibrous 
bundles  are  arranged  in  closely 
packed  whorls,  and  the  tumour  is 
usually  subdivided  into  lobules 
held  together  by  looser  connec- 
tive tissue  (Fig.  44). 

Examined  microscopically,  a 
hard  fibroma  presents  fasciculi 
of  white  fibres  which,  on  ac- 
count of  their  irregular  inter- 
section, are  cut  across  in  differ- 
ent relations  to  their  length, 
elongated  nuclei  of  the  connective-tissue  cells  (Fig.  45).  The  blood- 
vessels vary  much  in  different  tumours  in  size  and  number.  Often 
they  are  small  and  scanty,  but  in  some  fibromas  large  thin-walled 
vessels  are  present,  which,  being  unable  to  collapse  by  reason  of  the 
density  of  the  tissue  around  them,  account  for  the  free  haemorrhage 
which  sometimes  occurs  when  a  fibrous  tumour  is  cut  into. 

A  soft  fibroma  differs  from  the  hard  variety  in  its  consistence 
and  in  the  fact  that  the  cut  surface  of  the  tumour  does  not 
present  the  glistening  ajjpearance  caused  by  the  densely  packed 
liundles  of  white  fibres.  It  consists  of  loose  areolar  tissue,  the 
bundles  of  fibres  being  slender  and  forming  an  open  network ; 
the  spaces  are  occupied  by  serous  fluid,  which  may  be  present  in  sucli 


Fig.  44. — Hard  fibroma  of  subcuta. 
neous  tissue,  showing  slight  lobu. 
lation  of  tumour  and  fasciculated 
appearance  of  section. 

{L'/tiz'L-i-sity  CoiU\^c  Hospital  MuSt-mn.) 


Among  the   fibres  are  the  small 
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amount  as  to  give  an  oedematous  appearance  to  the  tumour,  or  even 
produce  a  close  resemblance  to  a  myxoma.  Here  and  there  in  a 
fibrous  tumour  more  cellular  areas,  the  cells  of  v/hich  are  chiefly 
spindle-shaped,  are  often  seen,  and  are  probably  the  situations  at 
which  the  growth  of  the  tumour  is  taking  place. 


Fig.  45. — Hard  fibroma.    A  microscopic  section  of  the  tumour 
illustrated  in  Fig.  44. 


Modifications  of  structure. — Fibrous  tumours  are  liable  to 
mucoid,  hyaline,  and  calcareous  degeneration,  and  when  originating 
in  the  periosteum  not  uncommonly  show  small  areas  of  ossification. 
As  a  result  of  mucoid  degeneration,  irregular  cavities  may  form  in 
the  tumour,  or  the  whole  growth  may  become  transformed  into  a 
thick-walled  cyst.  Tumours  of  mixed  structure  in  which  fibrous 
tissue  forms  part  of  the  parenchyma  of  the  growth  are  not  uncom- 
mon, as,  for  instance,  in  fibro-myoma,  fibro-lipoma,  and  fibro-adenoma. 

Diagnosis. — Many  difficulties  beset  the  clinician  and  the  path- 
ologist in  the  diagnosis  of  fibrous  tumours.  From  the  clinical  side  it 
may  be  pointed  out  that  tumours  regarded  as  fibromas  frequently 
prove  on  removal  not  to  be  so.    The  widely  spread  distribution  of 
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fibrous  tissue  renders  the  possible  sites  of  origin  of  fil^rous  tumours 
also  a  very  wide  one,  and  thus  the  position  of  the  growth  is  rarely  a 
help  in  diagnosis,  whilst,  on  the  other  hand,  the  consistence  of  the 
tumour  varies  so  much  as  to  be  of  little  assistance.  In  many  tumours 
fibrous  tissue  enters  so  largely  into  their  structure  in  the  form  of  the 
stroma  that  the  macroscopic  features  of  the  growth  are  very  similar 
to  those  of  one  composed  of  fibrous  tissue  only.  As  examples,  it  is 
only  necessary  to  mention  such  tumours  as  some  forms  of  fibro- 
adenoma of  the  breast  and  endothelioma  of  the  parotid.  Until  histo- 
logically examined,  these  tumours  may  be  indistinguishable  from  a 
fibroma. 

Again,  many  fibrous  overgrowths  of  a  chronic  inflammatorv  nature 
may  closely  resemble  true  fibrous  tumours,  and  indeed  the  distinction 
may  not  be  easy  even  with  the  microscope.  In  this  connexion  it  may 
be  pointed  out  that  in  a  true  fibroma  the  structure  is  strikingly  uniform, 
whereas  in  an  inflammatory  hyperplasia  the  different  stages  of  the 
development  of  the  fibrous  tissue  from  the  cell  elements  can  be  observed, 
and  in  some  areas  the  structure  may  be  that  of  granulation  tissue. 
Moreover,  in  a  fibroma  the  surrounding  tissue  elements  are  displaced 
without  being  infiltrated,  whereas  in  an  inflammatory  fibrous  over- 
growth the  special  tissue  elements  of  the  part,  such  as  muscle  fibres, 
are  seen  to  be  incorporated  in  the  fibrous  growth. 

Lastly,  great  difficulty  is  met  with  in  endeavouring  to  draw  a 
sharp  line  between  the  fibromas  and  certain  varieties  of  sarcoma. 
Some  of  the  latter,  especially  the  small  spindle-celled  forms,  may 
very  closely  resemble  a  fibroma,  and  indeed  certain  tumours  which 
were  formerly  spoken  of  as  "  recurrent  fibroids  "  are  now  known  to 
lie  sarcomatous.  Further,  a  tumour  regarded  as  purely  fibrous  may 
recur  after  removal  in  a  more  cellular  and  obviously  sarcomatous 
form,  suggesting  that  the  original  tumour  was  in  reality  of  a  like 
nature. 

From  these  considerations  it  will  be  seen  that  the  greatest  caution 
must  be  exercised  before  finally  deciding  that  a  tumour  is  a  pure 
fibroma. 

Fibrous  tumours  can  arise  in  almost  any  part  of  the  body,  but 
the  most  important  sites  are  the  skin  and  subcutaneous  tissue,  the 
fasciae  and  muscle  sheaths,  the  nerves,  the  bones,  the  submucous  tissue 
of  certain  viscera,  and  certain  organs,  such  as  the  ovarv. 

Fibroma  of  the  skin  may  be  met  with  as  a  hard  tumour  in  the 
cutis,  and  occasionally  as  a  circumscribed  growth  in  the  subcutaneous 
tissue.  A  tumour  from  the  latter  situation  is  illustrated  in  Fig.  44. 
When  growing  in  the  substance  of  the  true  skin  a  fibroma  usually 
forms  a  slightly  raised  hard  mass  covered  by  the  smooth  epidermis, 
which  is  intimately  adherent  to  its  surface. 
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A  soft  fibrous  tumour  of  the  skin  is  not  uncommon  and  is  often 
known  as  molluscum  fibrosuni.  In  many  cases  the  tumours  are  mul- 
tiple and  are  associated  witli  multiple  subcutaneous  fibrous  nodules. 
These  forms  take  origin  in  cutaneous  nerves  and  will  be  described  subse- 
quently (p.  371).  A  single  molluscum  fibrosuni  of  the  skin  may,  how- 
ever, occur  without  any  evidence  of  this  mode  of  origin.  It  forms  at 
first  a  small,  soft,  conical  projection,  which  as  it  increases  may  become 
lobulated,  pedunculated  and  pendulous.  It  has  a  strikingly  soft 
consistence,  and  often  gives  the  sensation  of  an  imperfectly  filled  sac 
of  loose,  wrinkled  skin. 

There  is  good  reason  for  believing  that  even  the  multiple  growths 
having  the  features  of  molluscum  fibrosum  are  not  always  instances 
of  neuro-fibromatosis,  but  are  sometimes  simple  fibromas.  In  1873, 
John  Murray  brought  before  the  Royal  Medical  and  Chirurgical 
Society  the  cases  of  three  children  of  one  family  who  were  the  subjects 
of  multiple  growths  of  this  nature,  associated  with  tumours  of  the 
gums  and  mental  instability.  The  growths  from  one  of  these  patients, 
who  died  thirty  years  later,  were  investigated  by  Robinson  and 
Whitfield,  and  no  evidence  of  nerve  fibres  was  found  in  them.  The 
tumours  in  this  case,  and  in  one  of  the  others  in  which  the  patient 
had  survived,  had  greatly  increased,  so  that  those  on  the  head  gave 
rise  to  hideous  deformity. 

Large,  soft,  fibrous  tumours  have  often  been  met  with  in  the  ears 
of  the  coloured  races.  They  are  thought  to  originate  in  connexion 
with  the  punctures  made  for  the  insertion  of  earrings,  and  thus  to  be 
allied  to  cheloid. 

Cheloid,  although  not  strictly  speaking  a  true  tumour,  needs  passing 
mention.  It  is  a  fibrous  growth  originating  in  cicatrices.  A  precisely 
similar  form  of  cutaneous  growth  has  been  met  with,  especially  in 
the  skin  over  the  sternum,  in  which  there  is  no  proof  that  the  growth 
took  origin  in  a  scar.  In  view,  however,  of  the  fact  that  it  is  well 
known  that  cheloid  may  originate  in  such  trivial  scars  as  those  resulting 
from  acne,  leechbites,  etc.,  it  is  possible  that  all  cheloids  have  a  similar 
mode  of  origin.  A  cheloid  forms  a  firm,  smooth,  whitish  or  pinldsh, 
sUghtly  raised  patch,  the  margin  of  which  is  abrupt  and  often  presents 
pointed  claw-hke  processes,  from  which  the  name  is  derived.  It  is 
usually  tender  and  sometimes  the  seat  of  spontaneous  pain.  When 
originating  in  an  obvious  cicatrix  the  new  growth  extends  from  the 
scar  into  the  surrounding  sldn,  and  is  thus  distinguished  from  a  scar 
which  has  merely  become  hypertrophied.  The  fibrous  tissue  composing 
the  growth  is  dense,  and  the  bundles  of  fibres  are  usually  arranged 
parallel  to  the  surface.  The  overgrowth  appears  to  begin  aroimd  the 
blood-vessels,  and  may  extend  along  these  beyond  the  edge  of  the 
raised  tumour. 
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Treatment. — A  subcutaneous  fibroma  must  be  removed  by  dis- 
section, and  cannot  be  enucleated  like  a  lipoma.  In  removing  a  tibrous 
tumour  of  tlie  cutis  it  is  necessary  to  excise  tlie  part  of  tiie  skin  in 
which  the  tumour  grows.  The  removal  of  a  ciieloid  by  operation  is 
unsatisfactory  on  account  of  the  tendency  of  the  fibrous  growth  to 
recur  in  the  resulting  scar.  If  this  treatment  is  adopted  it  is  necessary 
to  remove  a  wide  margin  of  skin  around  the  visible  edge  of  the  cheloid, 
as  in  this  situation  the  fibrous  growth  is  extending  around  the  vessels. 
The  reports  as  to  the  utility  of  thiosinamin  and  fibrolysin  in  this 
affection  are  somewhat  conflicting,  but  the  results  of  treatment  with 
X-rays,  and  especially  radium,  have  been  very  encouraging. 

Fibrous  tumours  in  muscles  and  fasciae. — Fibrous 
tumours  are  occasionally  met  witli  in  the  fascia-  and  in  connexion 
with  the  muscles  and  their  sheaths. 

As  an  example  of  this  variety  may  be  mentioned  the  fibrous 
tumours  sometimes  growing  in  the  abdominal  wall,  especially  in 
women.  Ledderhose  found  that  90  per  cent,  occurred  in  women, 
and  that,  of  the  !JU  women,  70  had  borne  children.  It  thus  seems 
probable  that  the  tumours  may  in  some  way  be  connected  with  injury 
to  the  abdominal  wall  resulting  from  stretching.  The  most  common 
seat  of  these  tumours  is  the  sheath  of  the  rectus  muscles,  and  in  their 
growth  they  are  apt  to  extend  longitudinally  in  the  direction  of  the 
muscle  fibres.  The  diagnosis  of  a  deeply  seated  fibrous  tumour  in 
the  abdominal  wall  may  be  difficult,  but  the  distinction  from  an  intra- 
abdominal tumour  can  usually  be  made  by  observing  the  effect  produced 
on  the  tumour  by  contraction  of  the  abdominal  muscles.  The  removal 
of  such  a  tumour  may  or  may  not  involve  opening  the  peritoneal 
cavity ;  and,  if  it  is  of  large  size,  special  steps  must  be  taken  to 
strengthen  the  abdominal  wall  and  prevent  the  subsequent  develop- 
ment of  a  hernia. 

Tumours  sometimes  occurring  in  the  skin  of  the  abdominal  wall 
are  probably  closely  allied  to  the  more  deeply  seated  fibromas,  although 
in  our  experience  they  should  be  regarded  rather  as  slowly  growing 
fibro-sarcomas — the  recurrent  fibroids  of  the  older  surgeons.  In 
the  Museum  of  University  College  Hospital  are  two  specimens  of  this 
nature.  In  one  the  strip  of  skin  removed  by  operation  includes  a  hard 
fibrous  tumour  4-5  cm.  in  diameter,  and  several  small  tumours  form- 
ing slightly  raised  smooth  elevations  on  the  surface.  The  patient,  a 
woman  aged  -52,  noticed  in  her  thirtieth  year  a  hard  white  growth 
in  the  skin  of  the  lower  part  of  the  abdominal  wall  after  the  birtli 
of  her  second  child.  Four  years  later  another  small  tumour  appeared 
near  the  first  and  gradually  coalesced  with  it,  whilst  others  formed 
subsequently.  The  history  of  this  case  suggests  a  likely  origin  of 
the  fibrous  groAvths  in  tlie  line;e  atrophicce. 

Y 
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Fibroma  of  nerves. — Much  confusion  has  arisen  from  the 
use  of  the  nauae  "  neuroma  "  for  a  turnour  on  a  nerve,  of  whatever 
structure,  and  from  not  reserving  the  name  for  a  tumour  composed 
of  newly  formed  nerve  tissue.  The  confusion  is  best  avoided  by 
naming  a  tumour  of  a  nerve,  as  elsewhere,  according  to  its  structure. 

Fibrous  new  growths  of  nerves  occur  in  two  distinct  forms  :  (1)  as 
single  or  isolated  fibrous  tumours  affecting  nerves  otherwise  normal ; 
and  (2)  as  diffuse  fibrous  overgrowths  included  under  the  general 
name  of  diffuse  neuro-fibromatosis; 

Asimple  fibroma  of  a  nerve  is  usually  of  the  hard  variety,  and 
may  occur  on  one  of  the  larger  nerve  trunks  or  on  one  of  the  terminal 
ramifications.  When  situated  on  a  nerve  trunk  superficially  placed,  the 
connexion  of  the  tumour  with  the  nerve  trunk  may  be  recognized  by 
its  position  and  the  fact  that  the  tumour,  although  movable  in  a 
direction  at  right  angles  to  that  of  the  nerve,  is  not  movable  in  the 
opposite  direction.  The  tumour  is  usually  painless,  and,  in  the  majority 
of  cases,  unaccompanied  by  any  alteration  in  the  function  of  the  nerve 
on  which  it  grows.  It  may  project  from  one  surface  of  the  nerve  trunk, 
or  the  nerve  fibres  may  be  spread  out  on  the  surface  of  the  tumour 
so  as  completely  to  surround  it. 

When  affecting  one  of  the  small  cutaneous  nerves  a  small  fibroma 
may  be  exquisitely  painful  and  tender,  and  for  this  reason  is  often 
spoken  of  as  the  painful  subcutaneous  tuhercle,  a  name  suggested  by 
W.  Wood  in  1829.  This  form  of  fibroma  is  more  common  in  women 
than  in  men,  and  is  usually  met  with  in  one  of  the  extremities,  more 
frequently  the  lower. 

The  condition  to  which  the  name  diffuse  neuro-fibromatosis  is 
applied  is  one  of  extreme  interest,  and  manifests  itself  in  new  formations 
which,  in  their  clinical  aspects,  present  at  first  very  widely  different 
features.  The  occasional  occurrence  of  r  ultiple  fibrous  tumours  on 
the  cranial  and  spinal  and  sympathetic  nerves  has  long  been  recognized , 
and  in  1882  von  Recklinghausen  first  pointed  out  that  the  soft  fibrous 
tumours  of  the  skin  known  as  molluscum  fibrosum  were  of  a  similar 
nature,  and  recorded  two  cases  in  both  of  which  multijsle  tumours  of 
this  nature  were  associated  with  multiple  tumours  on  nerves,  whilst 
in  one  case  patches  of  pigmentation  were  also  present  in  the  skin.  The 
remarkable  new  growth  known  as  the  plexiform  neuroma  is  another 
manifestation  of  the  same  pathological  condition,  as  well  as  the  form 
of  localized  hypertrophy  of  the  skin  and  subcutaneous  tissue  for  which 
Virchow  suggested  the  name  elephantiasis  neuromatosa. 

The  whole  subject  is  fully  dealt  with  in  a  masterly  manner 
in  a  monograph  by  Alexis  Thomson,  and  to  this  we  are  indebted 
for  much  of  the  following  description.  The  essential  change  in 
neuro-fibromatosis  is  a  diffuse  overgrowth  of  the  connective  tissue 
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of  the  nerves,  and  tlie  diverse  manifestations  of  tlie  disease  can  be 
explained  by  the  extent  and  limitations  of  this  overgrowth,  and 
the  varying  changes  in  the  skin  and  connective  tissue  whicli  mav 
accompany  it.  In  a  normal  nerve  the  fibrous  sheath  which  sur- 
rounds it  is  known  as  the  epineurium ;  that  which  surrounds  the 
separate  nerve  liundles  is  tlie  perineui'ium,  whilst  the  delicate  tissue 
which  holds  together  tlie  individual  nei  v(^-fil)res  of  a  Inindle  is  called 
the  endoneurium.  In  neuro- 
fibromatosis the  overgrowth 
chiefly  concerns  the  endoneurium 
and  the  tissue  which  intervenes 
between  the  nerve-fibres  and  the 
perineurium.  This  becomes  con- 
verted into  "  a  delicate  fibrillated 
network  separating  the  original 
fibres  or  lamellce  of  the  endo- 
neurium ;  the  fibrils  of  the  net- 
work are  the  branching  and 
anastomosing  processes  of  cells ; 
the  latter  are,  for  the  most  part, 
spindle-shaped  with  oval  nuclei, 
and  they  lie  either  in  the  sj)aces 
of  the  network,  or  grasping  the 
endoneurial  lamellse "  (Fig.  46). 
The  perineurium  is  usually  un- 
altered, but  the  epineurium  may 
be  thickened  and  more  compact 
than  usual.  The  nerve  fibres, 
widely  separated,  often  have  a 
wavy  course  ;  there  is  no  evidence  of  new  nerve  formation,  and 
degenerative  changes,  if  they  occur  at  all,  are  insignificant.  The 
distribution  of  the  fibrous  overgrowth  varies  greatly ;  in  some  cases 
only  a  single  nerve  or  plexus  may  be  involved  ;  in  others  the  dis- 
tribution is  irregular  or  even  generalized,  and  thus  the  spinal  and 
cranial  as  well  as  the  sympathetic  nerves  may  be  affected.  The 
change  is  not  limited  to  the  larger  nerve-trunks,  but  frequently 
extends  to  the  ramifications  in  the  skin  and  subcutaneous  tissue, 
and  even  to  the  intramuscular  branches. 

In  tlie  formation  of  neuro-fibromas  the  fibrous  overgrowth  occurs 
in  excess  at  one  or  more  spots  on  the  nerve  so  as  to  produce  localized 
soft  fibrous  tumours.  A  tumour  of  this  nature  may  be  sohtary  and 
reach  a  large  size,  or  multiple  small  tumours,  sometimes  numbering 
several  hundred,  may  be  present  in  the  subcutaneous  tissue  of  all 
parts  of  the  body,  except  the  palms  and  soles.    Examination  of  the 


Fig.  40. — Microscopic  section  of  a 
nerve,  showing  changes  occurring 
in  neuro-fibromatosis.  The  epi- 
neurium is  unaltered.  There  is 
an  overgrowth  of  connective  tissue 
between  and  around  the  nerve 
fibres. 

Kt'ck/in^/iaiiSi  ii's     Die  iNiiltipUn  Fibroiihi 
ih  r  Hatit:-) 
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nerve  shows,  however,  that  the  tumour  is  not  the  only  manifestation 
of  the  disease,  for  the  adjacent  parts  exhibit  cyhndrical  enlargement, 
or  very  frequently  the  part  of  the  nerve  from  which  the  tumour  arises 
is  the  seat  of  fusiform  swellings  due  to  diffuse  overgrowth  of  the  endo- 
neurium.     In  moUuscum  fibrosum  soft  fibrous  tumours  of  the  skin, 

usually  multiple,  are 
present  (Fig.  47).  They 
:v  ^  vary  much  in  size,  are 

often  pedunculated,  and 
are  covered  with  thin 
smooth  skin.  The  tu- 
mours consist  of  soft 
connective  tissue  which 
often  extends  deeply 
beneath  the  skin  from 
the  projecting  tumour. 
It  is  sometimes  possible 
to  feel  small  convoluted 
cords  in  their  substance, 
and  the  microscope 
shows  that  the  fibrous 
overgrowth  involves  the 
cutaneous  nerve  fila- 
ments, whilst  any  other 
changes  present  appear 
mM  ^®  secondary  to  this. 

;_JL  -    ^^ar  Plexiform  neuro- 

aS  -^^fW  -fibroma  is  defined  by 

'  ■  Alexis  Thomson  as  "  a 

fibromatosis  confined  to, 
and  at  the  same  time 
diffused  throughout,  the 
distribution  of  one  or 
more  contiguous  nerves, 
or  of  a  plexus  of 
nerves."  By  dissection 
it  can  be  shown  that 
the  tumour  consists  of 
numbers  of  convoluted  cords  held  together  by  loose  connective  tissue. 
These  cords  consist  of  the  thickened  nerves,  which  may  be  cylin- 
drical, fusiform,  or  beaded  (Fig.  48).  Plexiform  neuro-fibroma  is  most 
common  in  the  head  and  neck  in  the  areas  of  distribution  of  the 
fifth  and  the  superficial  cervical  nerves,  and  is  much  less  common 
on  the  trunk  and  limbs,  thus  agreeing  with  the  form  of  elephan- 


Fig.  47. — Molluscum  fibrosum.  Multiple 
cutaneous  tumours  resulting  from  neuro- 
fibromatosis are  present.  There  is  a 
patch  of  pigmentation  on  the  forearm. 

(/.  F.  Payne,  Trans.  Clin.  Soc,  vol.  xxii.) 
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tiasis  next  to  be  described.  The  affection  is  usually  noticed  at  or 
soon  after  birtb,  but  increases  subsequently.  The  tumour,  which 
usually  causes  no  symptom  beyond  deformity,  is  often  strikingly 
pendulous,  and  is  covered  with  skin  which  may  )je  either  normal  or 
pigmented  (Fig.  49).  The  most  character- 
istic feature  is  the  peculiar  sensation  given 
to  the  fingers  by  the  convoluted  cords 
formed  by  the  thickened  nerves  in  the  tu- 
mour. In  the  scalp  the  tumour  may  occupy 
a  groove  or  an  actual  opening  in  the  skull. 

In  the  orbit  a  plexiform  neuroma  may 
occasion  some  degree  of  proptosis,  and  is 
usually  associated  with  a  characteristic 
sweHing  in  the  surrounding  parts,  such  as 
the  temporal  region  (Fig.  50).  In  some 
instances  the  fibromatosis  involves  the 
ciliary  nerves,  and  l)uphthaImos  has  been 
present  in  many  of  the  recorded  cases. 

When  occurring  in  the  tongue,  plexi- 
form neuro-fibroma  gives  rise  to  one  va- 
riety of  macroglossia.  The  first  case  of  this 
kind  was  brought  before  the  Pathological 
Society  of  London  in  1902,  by  Shattock 
and  Abbott,  and  subsequent  observations 
of  a  similar  nature  have  been  made  by 
Thursfield,  Billington,  Rusca,  Delfino,  and 
Spencer  and  Shattock.  In  Shattock  and 
Abbott's  case  the  child,  4  years  of  age, 
presented  an  enlargement  of  the  left  half 
of  the  tongue  which  had  probably  been 
present  since  birth,  although  it  had  sul)- 
sequently  increased.  In  the  submaxillary 
triangle  and  upper  part  of  the  neck  there 
was  a  marked  fullness  which  could  be  felt 
to  consist  of  knotted  cords.  E.xamination 
of  the  enlarged  part  of  the  tongue  after 
removal  showed  the  nerves  to  be  the  seat 
of  a  fibromatosis  which  extended  into  the 
conical  and  fungiform  papillae.     The  mass 

removed  from  the  neck  was  a  typical  plexiform  neuro-fibroma  which 
extended  into  the  substance  of  the  submaxiUary  gland.  In  Billing- 
ton's  case  the  tumour  of  the  tongue  was  associated  with  multiple 
subcutaneous  tumours  and  swellings  on  various  parts  of  the  lumbar 
and  sacral  plexuses  and  their  branches  ;    whilst   in   Spencer  and 


Fig.  48.  -Plexiform  neuro- 
fibroma, dissected  to 
show  fibrous  thicken- 
ings on  a  nerve.  From 
a  case  of  neuro-fibro- 
matous  macroglossia. 

(S/L-/lCcr  and  .Shatt,h/c.  I'roc.  Roy. 
S,v.  Mt-d.,  i;u7,  rv/.  i. 
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Sliattock's  case  the  tumour  of  tlie  tongue  was  coutinuous  witli  a 
plexiform  neuro -fibroma  in  tlie  neck  (Fig.  48),  and  below  tlie  right 
angle  of  the  mouth  was  a  pigmented  molluscum  fibrosum. 

A  condition  closely  allied  to  the  plexiform  neuro-fibroma  and 
molluscum   fibrosum  .s  that  known  as  elephantiasis  neuromatosa, 


Fig.  49. — Plexiform  neuroma  of  neck. 

{hritsclic.   Trans.  Clin.  Soc,  1873.  X'ol.  \\.) 

and  characterized  by  the  fact  that  the  fibromatosis  of  the  cutaneous 
nerves  is  accompanied  by  a  difluse  overgrowth  of  the  skin  and 
subcutaneous  tissue  of  a  particular  region  or  segment  of  tlie  body. 
When  occurring  on  the  head  and  neck  the  disease  presents  itself  in 
the  form  of  "  large  tumour-like  masses,  often  lobulated  and  com- 
plexly folded,  sometimes  sinmlating  the  appearance  of  the  folds  of  a 
curtain  or  of  drapery.  As  they  increase  in  size  they  tend  to  hang 
down  and  become  pendulous  or  pedunculated     (Alexis  Thomson). 
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The  overlying  skin  may  be  normal,  but  is  often  thickened  and  pig- 
mented. In  the  substance  of  the  tumour  or  in  the  pedicle  the  thickened 
convoluted  nerves  can  sometimes  be  felt,  and  no  sharp  line  of  distinc- 
tion can  be  drawn  between  this  condition  and  the  plexiform  neuroma. 
In  the  limbs  this  form  of  neuro-fibromatosis  gives  rise  to  a  diffuse 
enlargement  like  that  present  in  other  forms  of  elephantiasis,  and 
well  illustrated  in  Fig.  .51.  The  condition  is  congenital,  and  the 
extensive  growths  usually  take  their  origin  in  a  pigmented  spot 
or  a  molluscuni  filjrosum. 


Fig.  50. — Plexiform  neuroma  of  right  orbit  and  neighbouring 
temporal  region. 

{Frpii,  a  t.isi'  iiiulrr  t/ic  cnir  of  J .  II.  Pars,i)ii  In   C  iih;:rsity  Colli-i^c  Hospital.] 

Eeference  has  already  been  made  to  von  Recklinghausen's  case  in 
which  nmltiple  neuro-fibromas,  molluscuni  fibrosum,  and  pigmenta- 
tion of  the  skin  were  associated.  The  presence  of  pigmentation  is 
undoubtedly  to  be  regarded  as  one  of  the  special  manifestations  of 
neuro-fibromatosis,  and  was  present  in  lU  out  of  Tti  cases  collected  by 
Alexis  Thomson.  It  usually  takes  the  form  of  small  brownish  spots 
like  freckles,  but  may  involve  larger  areas,  and  is  most  likely  to  affect 
the  trunk  and  the  proximal  parts  of  the  limbs  (Figs.  47  and  52). 

In  a  considerable  number  of  cases  of  neuro-fibromatosis  death  has 
resulted  from  the  supervention  of  sarcoma,  to  which  Garre  applied 
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the  name  "  secondary  malignant  nem'oma  "  (Fig.  52).  The  maUgnant 
cliange  manifests  itself  clinically  by  the  rapid  enlargement  of  one  of 
the  nerve  tumours,  which  may  have  remained  stationary  for  years. 
The  resulting  sarcoma  shows  a  considerable  degree  of  local  malig- 
nancy, and  sarcomatous  tumours 
may  also  develop  on  other  nerves. 

Treatment. — A  simple  fibro- 
ma of  a  nerve  trunk  may  some- 
times be  removed  without  inter- 
rupting the  continuity  of  the 
nerve.  If  removal  of  part  of  the 
nerve  is  unavoidable,  an  attempt 
must  be  made  to  repair  it  by  one 
of  the  well-known  methods. 

A  painful  subcutaneous  tuber- 
cle should  certainly  be  removed. 

In  most  of  the  varieties  of 
general  neuro-fibromatosis  surgical 
treatment  is  not  called  for.  Re- 
moval by  dissection  of  plexiform 
neuro-fibroma  and  some  forms  of 
elephantiasis  may  be  practicable. 
Elephantiasis  neuromatosa  affect- 
ing a  limb  has  been  successfully 
treated  by  amputation.  Operation 
may  be  urgently  called  for  when 
the  sarcomatous  change  supervenes 
in  cases  of  neuro-fibromatosis. 

Fibrous  tumours  of  the 
bones  are  rare,  and  there  is  no 
doubt  that  the  majority  of  tu- 
mours growing  from  the  peri- 
osteum, and  to  the  naked  eye 
presenting  the  characters  of  a 
pure  fibroma,  prove  on  both  his- 
tological and  clinical  grounds  to 
Fig.  51.— Elephantiasis  neuromatosa,  be  fibro-sarcomas,  usually  of  the 

small  spindle-cell  form. 

Perhaps  the  most  important 
examples  of  fibrous  tumour  of  the  bones  are  those  of  the  jaws  and 
the  so-called  naso-pharyngeal  fibrous  polypus,  which  is  a  fibroma 
growing  from  the  muco-periosteum  covering  the  A'ault  of  the  pharynx. 
The  simplest  fibrous  tumour  of  the  jaws  occurs  on  the  gums,  and 
is  known  as  the  simple  or  fibrous  epulis.    The  tumour  originates  in 


[Aficr  Alexis  Thomson^     On  Neuroma  and 
Nciif-o-Filn'oiuatosis.'") 
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the  periosteum  of  tlic  alveolar  border,  or  in  the  dental  periosteum  ; 
it  is  of  slow  growth,  rarely  reaches  a  large  size,  and  begins  as  a 
firm,  pale,  pinkish  tumour  rising -from  the  gum,  often  in  the  interval 
between  two  of  the  teeth.  The  tumour  must  be  distinguished  from 
a  localized  hyperplasia  of  the  gum  due  to  the  irritation  of  a  carious 


Fig.  52. — Sarcoma  occurring  in  a  case  of  neuro-fibromatosis. 
In  addition  to  a  large  sarcomatous  tumour,  a  pigmented  patch 
and  multiple  neuro-fibromas  of  skin  are  seen. 

[Fivin  a  case  in  Unhnsity  Coll,:^c  1 1 ,'sjHta'..) 

tooth  or  ill-fitting  denture,  and  from  the  diffuse  hypertrophy  of  the 
gums  which  has  sometimes  been  observed  in  early  life.  A  fibrous 
epulis  has  no  similarity,  except  in  position,  to  a  squamous  carci- 
noma of  the  gum,  or  a  myeloma  beginning  in  the  interior  of  the 
alveolus. 
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Fibrous  tumours  of  the  body  of  the  jaivs  are  also  met  witli.  In 
the  upper  jaw  they  may  grow  from  the  periosteum  of  the  external 
aspect  of  the  bone,  or  from  that  lining  the  antrum.  In  the  lower  jaw 
fibrous  tumours  are  occasionally  met  with  in  the  interior  of  the  bone, 
and  by  their  continued  growth  may  reach  a  large  size,  expanding  and 
thinning  the  osseous  tissue,  and  finally  bursting  through  it.  The 
accompanying  figure  shows  the  right  half  of  a  lower  jaw  the  ramus 
of  which  is  the  seat  of  a  large  fibrous  tumour  of  central  origin ;  in 


Fig.  5.3. — Large  central  fibroma  of  right  half  of  mandible.  The 
osseous  tissue  of  the  body  and  ramus  of  the  jaw  is  expanded 
over  lower  part  of  tumour.  The  condyle  and  the  incisor  portion 
are  unaltered. 

\Un'n'ersity  College  Hospital  M-uSfuni.) 

parts  the  tumour  is  still  covered  by  a  thin  layer  of  expanded  bone 
(Fig.  53).  The  diseased  bone  was  removed  by  Liston  from  a  man  aged 
30,  in  whom  the  tumour  had  been  observed  for  two  and  a  half  years. 
In  its  early  stages  a  central  fibroma  of  the  lower  jaw  can  sometimes  be 
easily  enucleated  after  cutting  away  part  of  the  expanded  bone  which 
covers  it.  In  examining  a  central  fibrous  tumour,  careful  search 
should  be  made  for  any  evidence  of  a  tooth  embedded  in  its 
substance,  because  some  fibrous  growths  of  this  nature  develop  from 
the  tooth  sac  of  an  unerupted  tooth  (the  so-called  fibrous  odontome). 
Bland-Sutton  figures  a  growth  of  this  kind  in  a  goat,  the  tooth  being 
embedded  in  a  mass  of  dense  laminated  fibrous  tissue.  In  tumours 
of  this  nature  deposits  of  calcareous  matter  may  be  found. 
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Fibrous  tumours  of  the  naso-pharynx. — Tliese  tumours 
originate  from  the  iiiuco-]>erio.steuni  covering  the  under  surface  of 
the  body  of  the  sphenoid  or  the  l)asilar  portion  of  the  occipital.  As 
it  increases,  the  tumour  fills  the  naso-pharynx  and  gradually  extends 
into  the  neigh Ijouring  cavities,  blocking  the  nostrils  and  even  extend- 
ing into  the  maxillary  antra  and  encroaching  upon  the  orbits.  An 
extraordinary  instance,  of  the  extent  to  -whicli  such  a  growth  may 
encroacli  upon  the  surrounding  cavities  is  seen  in  a  specimen  obtained 
from  a  child  under  tlie  care  of  Richard  (^huiin  in  1851.  The  tumour 
ho.s  extended  along  the  left  Eustachian  tube  into  the  tympanum, 
and,  after  perfoi-ating  the  membranunr  tympani,  completely  fills  the 
external  auditor}'  meatus. 

Fibrous  tumours  of  the  naso-pharynx  are  most  common  in  young 
m;de  adults.  The  earliest  symptoms  of  the  disease  are  nasal  obstruc- 
tion and  attacks  of  cpistaxis,  which  may  be  profuse  and  are  explained 
by  the  vascularity  of  the  tumour.  In  some  instances  involution  of 
the  gro\vtli  has  been  observed,  but  the  usual  course  is  one  of  steady 
increase.  Extensive  operative  procedures  may  be  necessary  for  the 
removal  of  sucli  a  growth,  and,  idthougli  repeated  recurrence  may 
occur  from  the  divided  base  of  the  tumour,  the  evidence  appears  to 
us  to  iustif\'  the  view  that  it  is  a  fibroma  and  not  sarcomatous  in 
Uf  tui-c. 

Submucous  fibromas. — Simple  fibrous  tumours  have  been  met 
with  beneath  tlie  mucosa  of  the  ccsophagus,  stomach,  and  intestine. 
As  a  rule  they  are  small  and  not  productive  of  symptoms.  In  the  intes- 
tine they  may  be  pedunculated  and,  like  other  tumours  of  the  bowel, 
may  give  rise  to  intussusception.  W.  G-.  Spencer  has  recorded  a  case 
in  which  he  successfully  removed  a  submucous  fibroma  of  the  po.sterior 
wall  of  tlie  stomach.  The  tumour,  which  is  preserved  in  the  Museum 
of  the  Royal  College  of  Surgeons,  has  the  shape  and  size  of  a  large 
kidney,  and  weighed  after  removal  7  oz.  ;  it  has  the  structure  of  a 
dense  fibroma.  The  patient  was  a  woman,  and,  as  both  kidneys  were 
very  moval)le,  it  was  impossible  to  say  to  what  extent  the  abdominal 
l  ain  from  which  she  suffered  Wc-s  attributable  to  the  tumour  itself. 
When  the  tumour  in  the  stomach  was  detected  at  the  operation 
it  was  at  first  suspected  to  be  a  hair-ball.  In  recording  tliis  case. 
Spencer  refers  to  a  fibrous  tumour  of  the  stomach  described  by  Morgagni. 
It  was  situated  in  the  posterior  wall,  weighed  about  a  pound,  and  was 
of  almost  bony  hardness. 

Fibroma  of  glands  and  other  organs. — Simple  fibrous 
tumours  (if  Ihc  \-ai-inus  solid  organs  are  extremely  rare.  In  the 
breast,  tumours,  which  to  the  naked  eye  appear  to  be  composed  only 
of  fibrous  tissue,  almost  invariably  prove,  on  liistological  examina- 
tion, to  be  fibfo-adenonias.    In  the  Museum  of  University  College 
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Hospital  is  a  remarkable  specimen  of  a  pi\re  intracystic  fibroma, 
a  large  cyst  being  filled  with  deeply  cleft  lobulated  masses  attached 
by  slender  pedicles  to  the  cyst-wall.  Although  the  lobules  of  the 
tumour  have  an  epithelial  covering,  there  is  no  glandular  tissue  in  its 
substance.  Fibromas  of  the  ovary  appear  in  the  early  stage  as  small 
encapsuled  nodules  in  the  substance  of  the  gland.  They  may,  however, 
reach  a  size  larger  than  that  of  a  child's  head,  and,  as  they  increase, 
the  ovarian  tissue  is  stretched  over  them.  In  the  Museum  of  University 
College  Hospital  are  two  specimens  of  fibroma  of  the  penis.  In  one 
of  these  the  tumour  appears  to  have  originated  in  the  fibrous  sheath 
of  the  corpora  cavernosa  immediately  behind  the  glans,  and  in  the 
other  the  growth,  evidently  stai-ting  in  the  region  of  the  corona,  has 
involved  the  adjacent  parts  of  the  glans  and  body  of  the  penis.  Small 
fibrous  tumours  occur,  especially  in  the  medullary  region  of  the  kidney, 
but  are  of  no  importance  surgically. 

MYXOMA 

A  myxoma  is  a  tumour  composed  of  a  peculiarly  transformed 
connective  tissue,  similar  to  that  which  is  present  normally  in 
the  Wha,rton's  jelly  of  the  umbilical  cord  and  in  the  vitreous  body 
of  the  eye.  In  such  gelatinous  tissue  the  connective-tissue  cells  are 
branched,  and  by  the  union  of  the  processes  a  delicate  reticulum  is 
formed,  the  meshes  of  which  are  occupied  by  a  mucinous  fluid  (Fig.  54). 
A  tumour  of  this  structure  has  a  soft,  jelly-like  consistence,  and  in 
the  fresh  state  ropy  mucus  can  be  squeezed  from  the  cut  surface. 
A  pure  myxoma  is  undoubtedly  very  rare,  although  myxomatous 
tissue  is  not  an  uncommon  constituent  of  tumours  of  mixed  structure. 
Thus  certain  soft  fibromas  met  with  in  the  subcutaneous  tissue,  and 
in  connexion  with  nerves,  often  present  in  parts  the  structm-e  above 
described.  Sarcomas,  endothehomas,  and  chondromas  not  infrequently 
illustrate  the  same  point.  Before,  therefore,  finally  deciding  that  a 
given  tumour  is  a  myxoma,  it  is  necessary  to  submit  it  to  a  care- 
ful microscopic  examination,  and  certainly  not  to  depend  upon 
the  mere  fact  that  the  tumour  has  a  more  or  less  jelly-hke  appear- 
ance. Cartilaginous  tumours,  particularly  in  certain  .situations,  are 
liable  to  undergo  a  form  of  mucous  softening  of  the  matrix  which 
gives  the  growth,  in  parts  at  least,  a  close  resemblance  to  a 
myxoma. 

It  is  further  neces.sary  to  remember  that  certain  new  formations 
of  inflammatory  origin  may  closely  resemble  a  myxomatous  growth. 
This  is  especially  true  of  the  simple  nasal  polypus,  which  was  at  one 
time  described  as  a  tumour  ;  but  this  view  of  its  nature  is  clearly  erro- 
neous.   Although  a  nasal  polypus  consists  chiefly  of  a  soft,  jelly-hke 
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connective  tissue,  it  is  undoubtedly  the  result  of  a  clironic  iuflaniinatory 
hyperplasia  of  the  nasal  mucous  membrane,  and  all  the  stages  of  its 
formation  can  be  traced  from  the  earliest  stage,  in  which  there  is  merely 
a  thickening  of  the  mucous  membrane  in  the  ethmoidal  region  of  the 
nasal  cavity. 

When,  however,  all  such  allied  conditions  have  been  excluded, 
there  still  remains  a  tumour  which  deserves  the  name  myxoma. 


Fig.  .")4. — Microscopic  section  of  a  myxoma,  showing  a  reticulum 
formed  by  processes  of  branched  connective-tissue  cells  ;  the 
intervening  substance  is  mucinous.  From  a  tumour  of  the  sub- 
cutaneous tissue. 

It  may  occur  in  those  situations  in  which  ordinary  fibromas  iirise. 
and  clinically  is  unlikely  to  be  distinguishable  from  a  soft  fibrous 
growth.  In  the  Museum  of  University  College  Hospital  is  a  pure 
myxoma  which  was  removed  from  the  subcutaneous  tissue  and 
measured  4  cm.  in  diameter.  It  was  perfectly  encapsuled,  and  in  the 
fresh  state  thick  mucus  could  be  expressed  from  the  cut  surface.  After 
hardening  it  presented  delicate  hln'ous  septa  intersecting  the  trans- 
lucent tumour  substance. 
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Certain  soft  polypoid  outgrowths  of  the  mucous  membranes,  such 
as  that  of  the  bladder,  may  have  a  myxomatous  structure. 

GLIOMA 

A  glioma  is  usually  defined  as  a  tumour  composed  of  tissue 
resembling  neuroglia,  the  special  form  of  connective  tissue  found 
in  the  central  nervous  system.  It  occurs  only  in  the  brain  and 
spinal  cord,  and  in  the  eye,  where  it  arises  in  the  retina.  It  is  at 
present  undecided  whether  the  tumour  is  of  epiblastic  or  mesoblastic 
origin,  and  possibly  different  types  of  the  growth  exist.  The  presence 
of  certain  peculiar  cell  formations  (rosettes)  to  be  presently  described 
has  been  held  by  Wintersteiner  and  others  to  prove  the  epithelial 
origin  of  the  tumour,  but  this  view  is  not  universally  accepted,  and 
the  true  position  of  the  glioma  among  tumours  must  still  be  con- 
sidered uncertain.  It  may  further  be  pointed  out  that  whilst  certain 
tumours  presenting  the  structure  described  below  pursue  an  entirely 
benign  course,  others  exhibit  the  local  and  general  evidences  of 
malignancy. 

Structure. — Examined  microscopically,  a  glioma  consists  of 
rounded  cells  with  large  nuclei  and  a  scanty  protoplasm,  separated 
by  a  felt- work  of  very  delicate  filaments,  which  are  believed  to  be  the 
branching  processes  of  the  cells  (Fig.  55).  The  blood-vessels  may  be 
abundant,  and  sometimes  present  hyaline  degeneration.  The  variations 
presented  by  different  specimens  are  dependent  chiefly  upon  differences 
in  the  length  and  number  of  the  fibrils,  which  may  sometimes  be  so 
scanty  that  the  cells  appear  to  be  in  close  apposition  and  the  tumour 
has  the  appearance  of  a  small  round-celled  sarcoma. 

In  addition  to  this  cellular  and  fibrillary  structure,  certain  peculiar 
cell  formations — first  described  by  Strobe  in  glioma  of  the  brain  and 
by  Flexner  in  glioma  of  the  retina — may  be  present.  They  consist  of 
epithelium-like  cells  arranged  radially  around  a  central  lumen,  so  as 
to  produce  the  appearance  of  a  rosette  or  the  section  of  a  tubule. 
In  the  case  of  retinal  glioma  the  cells  of  these  rosette-like  formations 
have  been  supposed  by  some  pathologists  to  be  rod-and-cone  fibres, 
whilst  those  in  glioma  of  the  brain  have  been  thought  to  be  derived 
from  the  ependymal  epithelium. 

A  glioma  of  the  central  nervous  system  may  appear  as  a  definite 
tumour,  or  may  give  rise  to  an  enlargement  of  the  affected  part,  such 
as  the  pons,  which  to  a  large  extent  preserves  its  natural  form.  A 
localized  glioma  has  on  section  a  grey  or  pinldsh-grey  colour,  varies  in 
consistence,  and  at  its  margin  passes  continuously  into  the  surrounding 
brain  substance.  In  the  more  diffuse  form  no  clear  distinction  between 
the  tumour  and  the  brain  substance  can  be  recognized.    The  tumour 
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exhibits  no  tendency  to  involve  the  overlying  cerebral  membranes.  The 
chief  changes  occurring  in  gliomas  are  fatty  degeneration  with  softening 
or  cyst  formation,  and  haemorrhages,  which  may  be  small  and  scattered, 
or  so  extensive  as  to  resemble  an  apoplectic  extravasation.  The 
glioma  usually  occurs  as  a  solitary  tumour.  As  already  stated,  it 
is  difficult  to  draw  a  sharp  line  between  tlie  glioma  and  certain  tumours 
of  the  brain  evidently  of  a  malignant  nature  (glio-sareoma).  The 


Fig.  55. — -01101113  of  brain,  showing  branching  cells  and  a  delicate 

reticulum. 

latter  may  extend  beyond  the  brain  to  the  membranes  and  skull,  and  ' 
give  rise  to  metastases. 

The  so-called  glioma  of   tlie  retina  will  be  described  among  sar 
comas  (p.  •■3f2). 

CHONDROMA 

A  chondroma  is  a  tumour  which  in  its  structure  corresponds 
more  or  less  closely  with  that  of  normal  cartilage,  the  latter  being 
much  more  commonly  of  the  hyaline  than  of  the  fibro-cartilaginous 
type  (Fig.  56).  Certain  cartilaginous  new  formations  are  met  with 
which  do  not  partake  of  the  nature  of  tumours.  For  instance,  the 
irregular  outgrowths  which  occur  at  the  margins  of  the  articular  car- 
tilages, especially  in  connexion  with  rheumatoid  arthritis,  are  clearly 
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liyperplasic  in  nature.  Similarly,  the  cartilaginous  outgrowths  some- 
times occurring  in  the  cartilages  of  the  larynx  can  hardly  be  regarded 
as  true  chondromas. 

In  the  large  joints,  especially  the  knee,  cartilaginous  bodies  occm* 
which  originate  in  the  synovial  fringes,  where  cartilage  cells  can  be 
demonstrated  normally.  Such  bodies  often  tend  to  ossify,  and, 
although  at  first  attached  by  a  pedicle  to  the  synovial  membranes 


Fig.  56.— Microscopic  section  of  a  chondroma,  showing  cartilage 
cells  lying  in  a  hyaline  matrix  and  fibrous  tissue  forming 
the  capsule  of  the  tumour. 

frequently  become  detached  and  form  loose  bodies  in  the  joint.  These 
again  cannot  be  regarded  as  true  tumour  formations,,  particularly  as 
they  are  often  associated  with,  and  doubtless  result  from,  chroiuc 
joint  diseases.  Lastly,  in  the  region  of  the  branchial  clefts  congenital 
malformations  occur  in  which  cartilage  may  be  present  These  are  best 
illustrated  by  the  so-called  accessory  auricles,  wliicli  consist  of  a  central 
bar  of  cartilage  covered  by  skin,  and  sometimes  a  muscular  layer, 
and  winch  are  teen  most  commonly  in  front  of  the  external  ear,  but 
sometimes  in  the  neck.  A  cartilaginous  projection  of  this  nature  in 
the  neck  may  correspond  with  the  orifice  of  a  cervical  fistula. 

Structure. — A  chondroma  is  usually  perfectly  eucapsuled  and 
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often  very  lobulated  ia  oiitliae.  Its  consistence  is  firm,  but  mucli 
less  hard  and  resistant  than  that  of  bone,  and  often  the  tumour  gives 
on  examination  an  almost  elastic  sensation  to  the  fingers.  On  section 
a  chondroma  is  seen  to  be  composed  of  lobules  of  cartilage  held  together 
by  septa  of  fibrous  tissue.  The  cartilage  has  a  uniform,  bluish-grey, 
almost  translucent  appearance  like  ground  glass,  but  is  often  modified 
by  one  or  another  of  the  secondary  changes  in  its  substance  to  be 
described  below.  As  cartilaginous  tumoui's  differ  considerably  in  their 
mode  of  gro\\'th  according  to  the  position  which  they  occupy,  it  will 
be  convenient  to  describe 
separately  some  of  the  most 

important  varieties.  '*  \ 

1.  Cartilaginous  tu- 
mours are  very  common  in  1^;; 
the   bo)ies,    especially  the 

long  l)ones,  of  young  sub-  -M''- 
jects,  and  arise  very  con-  J-m 
stantly  in  close  proximity 
to  the  epiphysial  cartilage,  ^s''        |  1  ,: 

being  in  the  case  of  the  #•  •'  ' 

long  bones  almost  invari- 

ably  attached  to  the  ex-  ?  '  f  ;  ^ 

tremity  of  the  diaphysis.  1^  ^ 

Such  tumours,  on  account  ^ 

of  tlieir  tendency  to  ossify,  „   -*  ' 

are    known    as    ossifying        i      \^  '^^^ 

chondfoinas,   and  will   be  .   ^  ■  ' 

considered    more    fully,  "'■'■■f'|..,*-'*  : 

under  the  osteomas,  as  can-  "^SjM*. 

cellous  exostoses  (p.  391). 

Cartilaginous  tumours  pig.  57.— Chondroma  of  lower  extremity 
originating  in   the   extre-  of  femur,  in  section, 

mity  of  the  diaphysis  of 

a  growing  bone  do  not,  however,  always  exhibit  this  tendency  to 
early  ossification.  In  the  Museum  of  University  College  Hospital  is 
a  specimen  of  a  cartilaginous  tumour  growing  centrally  in  the  lower 
end  of  the  femur  and  projecting  anteriorly  and  posteriorly  through 
openings  in  the  compact  tissue  (Fig.  57).  In  parts  the  tumour  is 
cystic,  and  the  microscope  shows  that  in  some  places  the  softer  lobes  of 
the  tumour  consist  of  pure  myxomatous  tissue.  The  patient  from  whom 
the  tumour  was  removed  was  a  woman  aged  20.  Eggshell-crackling 
coidd  be  obtained  in  the  enlarged  lower  end  of  the  femur,  and  before 
operation  the  tumour  was  thought  to  be  a  myeloma.  Nearly  four 
years  after  amputation  was  performed  the  patient  was  in  good  health 
z 
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and  free  from  any  evidence  of  recurrence.  A  cartilaginous  tumour 
of  this  nature  in  the  long  bones  is  rare,  and  must  carefully  be  dis- 
tinguished from  a  chondrify- 
ing  sarcoma,  which  in  some 
instances  may  present  the 
naked-eye  appearances  of  a 
simple  chondroma. 

2.  Cartilaginous  tumours 
are  not  uncommon  in  the  hand 
in  connexion  with  the  meta- 
carpal bones  and  phalanges, 
and  less  frequently  occm-  in 
the  corresponding  bones  of 
the  foot ;  they  are  often 
multiple,  and  may  thus  occa- 
sion very  serious  deformity 
(Fig.  58).  A  cartilaginous 
tumour  of  this  nature  origin- 
ates in  the  interior  of  the 
bone,  which  is  gradually  ex- 
panded until  the  growth  pro- 
trudes through  the  compact 
tissue,  sometimes  forming  a 
mass  of  considerable  size  (Fig.  59).  In  this  variety  of  chondroma 
the  only  modification  commonly  met  with  in  the  structure  of  the 
tumour  is  calcification  (Fig.  60).    This  does  not  modify  the  clinical 


Fig.  58. — A  hand  deformed  by  the  pre- 
sence of  multiple  chondromas  of 
metacarpus  and  phalanges. 


Fig.  59. — Section  of  a  finger,  all  the  bones  of  which  are  the  seat 
of  central  chondromas.    The  proximal  phalanx  has  been  acci- 
■      dentally  fractured. 

features,  but  in  a  section  of  the  tumour  is  recognized  by  the  presence 
of  small  areas  of  opaque,  yellow,  granular  deposit  in  the  semitrans- 
lucent.  cartilage.     The  calcareous  deposit  sometimes  occurs  also  in 


Fig.  60. — Radiogram  of  a  hand,  the  seat  of  multiple  chondromas. 
Central  tumours  are  present  in  the  first  and  second  metacarpals, 
as  well  as  in  the  first  and  second  phalanges  of  the  index  and 
the  second  phalanx  of  the  middle  finger.  The  tumour  in  the 
second  metacarpal  is  probably  extensively  calcified. 

{From  a  ra:i'h\^}  ant  by  C.  J.  Morton.) 
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the  strands  of  fibrous  tissue  wliich  liold  together  tlie  cartilaginous 
lobules. 

Ossification  is  rare,  but  not  unknown,  in  this  variety  of  chondroma. 
Shattock  has  described  a  case  of  this  nature  in  which,  as  the  result 
of  ulceration  of  the  overlying  skin,  the  ossified  part  of  the  tumour 
underwent  necrosis  and  spontaneous  separation ;  the  same  writer 
also  refers  to  a  specimen,  in  St.  Thomas's  Hospital  Museum,  of  a  large 
chondroma  of  the  fifth  metacarpal  bone,  the  hollowed-out  centre  of 
wliich  opens  by  a  wide  ulcerated  opening  in  the  skin.  These  cartila- 
ginous tumours  of  the  fingers  are  unconnected  with  the  articular  car- 
tilage, and  it  is  interesting  to  note  that  there  is  no  recorded  instance 
of  a  true  cartilaginous  tumour  originating  in  articular  cartilage. 

3.  Cartilaginous  tumours  of  large  size  occasionally  grow  from  the 
homj  walls  of  the  chest  and  felvis.  In  the  former  situation  the  tumour, 
whilst  projecting  externally,  may  also  encroach  upon  the  thoracic 


Fig.  61. — Chondroma  of  a  rib,  in  section.    The  tumour  is 
attached  to  the  rib  close  to  the  costo-chondral  junction. 

cavity.  In  a  case  of  chondroma  of  the  thoracic  wall  which  came  under 
our  notice  the  tumour  projected  in  the  mammary  region,  and  the  hard, 
lobulated  tumour,  pushing  the  breast  forward,  simulated  to  a  certain 
extent  a  tumour  in  the  breast  itself.  Although  when  of  large  size 
such  a  tumour  so  obscures  the  ribs  as  to  appear  to  involve  a  consider- 
able area  of  the  chest-waU,  it  is  probable  that  it  originates  from  a 
single  lib  in  the  vicinity  of  the  costal  cartilage.  A  small  tumour  of 
this  nature  is  illustrated  in  Fig.  61,  the  part  of  the  rib,  with  the 
tumour  attached,  having  been  removed  by  operation  without  injury 
to  the  parietal  pleura,  which  was,  however,  very  intimately  adherent  to 
the  surface  of  the  tumour. 

Similar  cartilaginous  tumours  occasionally  arise  from  the  bones 
of  the  pelvis.  The  specimen  illustrated  in  Fig.  62  was  from  a  woman 
aged  21,  who  was  under  the  care  of  Herbert  Spencer  in  University 
College  Hospital.    The  tumour,  which  was  known  to  have  been  grow- 


CHONDROMA 


389 


iiig  for  seven  years,  caused  obstruction  to  labour,  and  deatli  occurred 
after  hysterectomy.    Both  kidneys  and  ureters  were  dilated. 

It  is  an  interesting  fact  that  these  cartilaginous  tumours  of  the 
chest  and  pelvis  appear  to  show  no  tendency  to  ossification,  but  are 
liable  to  mucoid  softening  with  cyst  formation  (Fig.  62).  The  tumours 
illustrate  in  an  extreme  degree  the  lobulation  characteristic  of  chon- 
dromas, and  the  presence  of  extensive  mucoid  softening  accounts 
for  the  fact  that  some  of  the  most  prominent  lobules  may  be  elastic, 
or  even  give  a  well-marked  sense  of  fluctuation. 


Fig.  62. — Section  of  a  large  chondroma  of  the  pelvis.  Large  cysts 
resulting  from  mucoid  softening  are  present  in  the  tumour. 
The  tumour  arises  from  the  sacrum,  and  the  rectum,  vagina, 
and  bladder  are  seen  in  the  section  between  it  and  the 
symphysis  pubis. 

[  f/i/s  and  the  /oitr  prtccdiiig  /inures  arc  from  spcciiiiens  in  Unk  eislty  Colhgc 
Hospital  Musoiiiu.) 

Except  in  connexion  with  the  bones,  cartilaginous  tumours  are 
rare.  They  occasionally  grow  in  muscles  and  fasciw.  Erichsen  refers  to 
three  cases,  the  tumours  being  in  the  tibialis  anticus,  vastus  externus, 
and  pectoral  muscles  respectively.  Liston  removed  a  chondroma  as 
large  as  an  orange  from  the  lower  part  of  the  vastus  externus  muscle 
of  a  boy  aged  15.  It  had  been  grov/ing  for  three  years,  and  was  first 
noticed  two  months  after  a  blow.   In  the  Museum  of  University  College 
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Hospital  is  a  small  tumour,  composed  of  several  lobules  of  cartilage, 
which  was  removed  by  Marcus  Beck  from  the  flexor  tendon  sheath, 
of  the  index  finger  in  the  palm.    Before  operation  the  tumour  was 
mistaken  for  a  ganglion. 

Butlin  and  Spencer  refer  to  congenital  cartilaginous  and  bony 
tumours  occasionally  found  in  the  tongue,  and  probably  arising  in  the 
foetal  structures  which  give  rise  to  the  septum.  These  authors  quote 
the  observations  of  Nussbaum  and  Markowski  on  the  septum  of  the 
tongue  in  human  foetuses  and  new-born  children  ;  they  describe  an 
encapsuled  structure  containing  fat  and  sometimes  rods  or  islands 
of  hyahne  cartilage,  especially  near  the  hyoid  bone. 

Diagnosis. — The  diagnosis  of  the  common  varieties  of  chondroma 
growing  from  the  bones  is  rarely  attended  with  difficulty.  It  is  a 
matter,  however,  of  great  practical  importance  that,  in  certain  mixed 
tumours,  usually  mahgnant,  containing  cartilage,  the  latter  may  so 
preponderate  over  the  other  constituent  tissues  that  to  the  naked  eye 
the  tumour  may  appear  to  be  a  pure  chondroma.  This  is  particularly 
true  of  some  chondrifying  sarcomas  of  bone  which  will  be  described 
subsequently  (p.  490).  For  instance,  certain  cartilaginous  growths 
afEecting  the  bones  of  the  face  must  mostly  be  regarded  as  of  this  nature. 
Christopher  Heath,  in  his  "  Injuries  and  Diseases  of  the  Jaws,"  refers 
to  several  striking  cases  in  which  a  cartilaginous  tumour,  probably 
beginning  in  the  maxilla,  has  gradually  encroached  upon  the  neigh- 
bouring fossae,  and  extended  to  the  orbits  and  cranial  cavity.  In 
Lawson's  case  ten  operations  were  performed  during  a  period  of 
eighteen  years  for  a  recurring  cartilaginous  tumour  of  the  lower  jaw 
which  was  undoubtedly  a  chondrifying  sarcoma.  A  careful  histo- 
logical examination  will  usually  serve  to  distinguish  such  a  tumour 
from  a  pure  chondroma.  In  the  latter  the  lobules  of  cartilage  are 
held  together  by  a  varying  amount  of  simple  connective  tissue.  In 
a  chrondrifying  sarcoma,  on  the  other  hand,  the  tissue  between  the 
lobules  is  richly  cellular,  and  generally  a  gradual  transition  can 
be  traced  between  the  typical  encapsuled  cartilage  cells  Ipng  in  a 
hyaline  ground  substance  and  undifferentiated  cells  with  a  scanty 
granular  or  fibrillated  stroma. 

The  most  striking  illustration  of  the  fact  under  consideration  is 
afforded  by  the  historical  case  of  chondroma  of  the  testicle  recorded 
by  Paget  in  1855.  In  this  case  a  tumour  of  the  testicle,  composed 
apparently  of  pure  cartilage,  extended  upwards  along  the  spermatic 
cord  and  ended  in  a  swelling  in  front  of  the  vena  cava.  The  growi^h 
perforated  this  vessel  and  thus  reached  the  lungs,  which  were  the 
seat  of  numerous  cartilaginous  deposits.  Although  doubt  as  to  the 
purely  cartilaginous  nature  of  this  tumour  had  been  expressed  by 
Butlin,  it  was  not  until  1897  that  Kanthack  and  Pigg  fm'ther  investi- 
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gated  the  specimen  and  conclusively  proved  that  the  tumour  was 
of  mixed  structure,  which  still  later  investigation  has  shown  to  l)e 
that  of  a  teratoma  (p.  587). 

It  is  probable  that  in  the  few  recorded  instances  of  cartilaginous 
tumours  of  the  breast  the  cartilage  has  been  present  in  a  mixed  growth, 
sarcomatous  in  nature.  It  must  also  be  mentioned  that,  in  certain 
cndotheUomas  occurring  in  connexion  with  the  salivary  glands  and 
the  neighbouring  parts,  cartilage  is  a  common  element  in  the  stroma, 
and  may  be  so  abundant  as  to  give  the  tumour  the  clinical  and  macro- 
scoj^ic  characters  of  a  chondroma.  Finally,  cartilage  is  very  often 
present  in  teratomas,  sometimes  in  the  form  of  shapeless  masses,  but 
in  some  tumours  in  a  form  having  a  more  or  less  close  resemblance 
to  a  definite  foetal  structure. 

Treatment — A  cartilaginous  tumour  unconnected  with  a  bone  can 
usually  l)e  removed  easily  by  enucleation.  The  cartilaginous  tumours 
of  the  metacarpal  bones  and  phalanges,  when  single,  may  sometimes 
))e  removed  without  sacrificing  the  finger,  or  even  removing  the  affected 
bone.  If,  however,  as  is  not  uncommon,  the  tumours  are  multiple,  the 
question  of  removal  must  be  determined  by  their  size  and  distribution 
and  the  resulting  deformity.  A  chondroma  of  the  chest  wall  may 
sometimes  be  dealt  with  by  removing  the  part  of  the  rib  from 
which  it  originates. 

OSTEOMA 

An  osteoma  or  exostosis  is  a  tumour  composed  of  bone. 

Bony  formations  which  do  not  partake  of  the  characters  of  tumours 
are  very  common  ;  e.g.  the  osseous  deposits  which  occur  on  the  articular 
extremities  of  the  bones  in  connexion  with  many  chronic  joint  diseases, 
and  the  bony  masses  sometimes  found  in  muscles  as  the  result  of 
injury.  Such  chronic  inflammatory  osseous  hyperplasias  are  of  much 
practical  importance  on  account  of  the  close  resemblance  they  may 
sometimes  bear  to  true  bony  tumours,  and  will  recjuire  further  con- 
sideration from  the  diagnostic  point  of  view. 

Like  normal  bone,  osteoma  occurs  in  two  forms,  the  comj^act  and 
the  cancellous,  and  develops  in  a  manner  corresponding  to  the  two 
normal  processes  of  ossification  in  membrane  and  in  cartilage.  True 
osteomas  are  rare  except  in  connexion  with  the  skeleton. 

Cancellous  osteoma. — This  tumour,  wdiich  is  commonly  known 
as  the  spongy  or  pedunculated  exostosis,  has  already  been  mentioned, 
in  speaking  of  cartilaginous  tumours,  as  the  ossifying  enchondroma 
(p.  385).  It  is  essentially  an  afi'ection  of  the  bones  dming  the  period 
of  their  growth,  and  the  progressive  ossification  in  cartilage  by  which 
the  tumom-  commences  and  continues  its  growth  is  closely  correlated 
with  the  growth  of  the  bone  on  which  it  is  situated,  for  it  very  rarely 
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continues  to  increase  after  the  normal  period  of  gxcwth  of  tlie  afiected 
bone  has  come  to  an  end,  although  it  often  ceases  earlier  than  this. 
The  position  in  which  a  spongy  osteoma  arises  from  a  bone  is  very 
constantly  the  diaphysis  in  the  immediate  neighbourhood  of  an 
epiphysial  line,  although  as  the  gTowth  of  the  bone  advances,  the 
distance  between  the  tumour  and  the  epiphysis  is  jiroportionately 
increased  (Fig.  63).    This  very  constant  position  of  the  tumour  gives 

strong  support  to  the  view  that  it  arises 
in  a  sequestrated  part  or  rest of  the 
epiphysial  cartilage,  which,  being  from 
its  isolated  position  prevented  from 
\  _  taking  its  part  in  the  normal  growth 

>'v  of  the  bone,  forms  a  superfluous  bony 

excrescence  or  "  tumour,"  but  is  still 
I  more  or  less  subject  to  the  time  limits 

^  of  the  growth  of  the  epiphysial  cartilage 

itself.    It  is  also  of  interest  that  these 
tumours  are  most  common  at  those 
*         extremities  of  the  long  bones  at  which 
the  epiphyses  continue  longest  to  grow. 
V  '  Examination  of  a  still  gi-owing  can- 

*  ■  V-       cellous  osteoma  shows  the  following 

\  points  :  The  tumour  is  pedunculated  ; 

<     III  it  may  be  mushroom-shaped,  but  more 

J  ,  often  the  bulbous  extremity  projects 

J    ^  obliquely  from  its  constricted  base.  A 

^  ^  fibrous  capsule  covers  the  tumour,  and 

*?  1  around  the  attachment  of  the  pedicle  is 

11  i         continuous  with  the  periosteum.  A  layer 

Fig.  63. — Cancellous  osteoma     ^  ,  -i  • 

of  upper  extremity  of  tibia,  of  hyahne  cartilage  is  present  as  a  cap 
in  section.  to  the  tumour  and  persists  during  the 

period  of  growth.  Around  the  cancel- 
lous bone  which  forms  the  centre  of  the  tumour  is  a  thin,  compact 
layer,  which,  becoming  thicker  at  the  pedicle,  is  continuous  with  the 
compact  bone  of  the  shaft,  while  the  cancellous  tissue  of  the  tumour 
is  continuous  through  the  pedicle  with  the  interior  of  the  bone.  Thus, 
if  the  tumour  is  shaved  off  from  the  bone,  a  defect  in  the  compact  wall 
of  the  latter  is  exposed,  so  that  septic  changes  occurring  in  the  wound 
may  readily  extend  to  the  interior  of  the  diaphysis — a  serious  compli- 
cation which  formerly  was  likely  to  follow  operation.  An  adventitious 
bursa  is  almost  always  present  over  the  summit  of  a  spongy  exostosis, 
and  has  been  known  to  be  the  seat  of  an  inflammatory  exudation  or 
extravasation  of  blood. 

Cancellous  osteomas  are  most  common  at  the  lower  end  of  the 
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femur,  the  upper  end  of  tlie  tibia,  and  the  upper  end  of  the  liumerus. 
In  the  first  two  situations  the  tumour  is  more  usually  situated  on 
the  internal  aspect  of  the  bone.  They  are  not,  however,  confined 
to  the  long  bones,  but  are  met  with  in  the  neighbourhood  of 
epij^hyses  elsewhere,  such  as  the  vertebral  border  of  the  scapula 
and  the  crest  of  the  ilium. 

The  tumours  are  more  common  in  boys  than  in  girls,  and  are  some- 
times hereditary.  They  are  often  multiple.  The  bones  from  which 
they  grow  are  usually  otherwise  normal,  but  sometimes  impairment 
of  growth  or  irregular  deformity  of  the  bone  has  been  observed,  and 
in  some  cases  of  multiple  osteomas  the  bones  present  evidences  of 
rickets.  Gossage  and  Carling  have  collected  records  of  67  families 
in  which  more  than  one  member  was  the  subject  of  multiple  car- 
tilaginous exostoses.  In  these  families  199  males  and  89  females 
were  affected  ;  in  several  instances  the  condition  was  transmitted 
through  females  who  were  themselves  unaffected. 

A  spongy  exostosis  is  rarely  productive  of  any  sym^^toms  other 
than  the  presence  of  the  tumour.  Pain  is  exceptional,  but  some  inter- 
ference with  the  free  use  of  the  part  may  occur  if  the  tumour  is  so 
situated,  as  in  the  neighbourhood  of  the  knee,  that  the  adjacent  tendons 
are  displaced.  In  a  case  under  the  care  of  Bilton  Pollard  a  spongy 
exostosis  growing  from  the  ventral  surface  of  the  scapula  near  the 
vertebral  border  in  a  young  girl  so  raised  the  bone  from  the  chest  wall 
as  to  suggest  at  first  sight  the  deformity  so  commonly  met  with  in 
latero-rotatory  curvatiu'e  of  the  spine.  An  exostosis  of  the  pelvis  has 
been  known  to  cause  insuj^erable  obstruction  to  normal  delivery. 

The  subungual  exostosis  deserves  special  mention.  It  is  most 
common  on  the  dorsal  surface  of  the  distal  phalanx  of  the  great  toe, 
and  is  said  to  be  most  frequently  met  with  in  females.  It  causes 
intense  jaain  as  it  jjrojects  upwards  beneath  the  edge  of  the  nail.  The 
latter  becomes  brittle  and  breaks  away,  exposing  the  tumour,  still 
covered  by  the  nail  matrix.  Ulceration  is  then  likely  to  occur,  and 
the  growth  of  exuberant  granulations  obscures  the  small  bony  tumour 
beneath.  The  structure  of  the  tumour  is  identical  with  that  of  other 
cancellous  exostoses.  It  is  very  rare,  except  on  the  great  toe,  but 
has  been  seen  on  the  fingers,  where,  in  one  case,  the  pain  caused  by 
piano-playing  first  drew  attention  to  the  presence  of  the  tumour. 

The  removal  of  a  spongy  exostosis  presents  no  sj^ecial  difficulties, 
but  it  is  essential  that  no  part  of  the  cartilaginous  covering  be  left; 
The  subungual  exostosis  can  be  removed  after  avulsion  of  the  nail, 
and  amputation  of  the  toe  is  very  rarely  necessary. 

Compact  osteoma. — This  variety  of  bony  tumour,  which,  on 
account  of  its  extreme  density,  is  known  as  the  "  ivory  exostosis," 
usually  occurs  in  situations  which  indicate  its  origin  independently  of 
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cartilage.  It  is  generally  attached  to  the  surface  of  a  bone  and, 
unlike  the  spongy  exostosis,  is  sessile. 

^  An  ivory  exostosis  is  most  common  on  the  vault  of  the  skull, 
especially  the  parietal  and  frontal  bones,  where  it  forms  a  slowly 
growing,  and  usually  small,  sessile  tumour  of  extreme  hardness,  over 
which  the  scalp  moves  freely.  The  tumour  is  usually  single,  but 
uot^very  rarely  two  or  more  may  be  present.    When  quite  small 


Ivory  exostoses  occasionally  grow  in  the  frontal  and  sphenoidal 
sinuses  and  ethmoidal  cells,  the  tumour  probably  originating  in  the 
periosteum  lining  the  cavity.  When  such  a  tumour  occupies  the 
frontal  sinus  the  first  symptoms  are  those  of  a  slowly  increasing  dis- 
tension of  the  sinus,  but  later  the  tumour  may  project  into  the  orbit, 
displacing  the  eye  outwards,  downwards,  and  slightly  forwards.  Speci- 
mens are  in  existence  of  enormous  tumours  of  this  nature,  resembling 
large  nodular  masses  of  marble,  and  encroaching  on  the  cranial  cavity 
(Fig.  65).  Ivory  'exostoses  may  not  only  extend  into  the  orbit  from 
the  frontal  sinus,  but  occasionally  originate  in  that  cavity,  usually 
from  the  upper  border. 

Bony  tumours,  sometimes  reaching  a  large  size,  and  of  dense  or 
cancellous  structure,  occasionally  originate  in  the  jaws.  In  the  maxilla 
the  tumour  may  originate  on  the  external  aspect  of  the  bone  or  in 


Fig.  64. — Compact  osteoma  of  tabular  portion 
of  occipital  bone. 

[University  College  Hos/<ital  Miisetnii.) 


it  is  usually  hemi- 
spherical, but  as  it 
increases  it  tends  to 
become  conical  or 
limpet  -  shaped  (Fig. 
64).  Extremely  dense 
osteomas  have  occa- 
sionally been  met 
with  on  the  inner 
aspect  of  the  skull, 
and  have  necessitated 
operative  interfer- 
ence on  account  of 
symptoms  caused  by 
pressure  on  the 
brain.  As  a  rule, 
tumours  in  this  situ- 
ation are  more  irre- 
gular in  shape  and 
less  smooth  on  the 
surface  than  those  of 
the  external  aspect 
of  the  skull. 


Fig.  65. — Large  ivory  exostosis,  probably  originating  in  one  of  the 
frontal  sinuses.  The  tumour  has  expanded  the  bone  and  en- 
croached upon  the  cranial  cavity,  orbits,  and  neighbouring  parts. 

{J'a^/io/oj^uti/  I\Iiisi'iiiii  of  till-  L'jtiz'crsify  of  Catii/'rul^t .) 
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the  antrum ;  in  the  mandible  it  may  be  central  or  iDeriosteal. 
Ivory-like  osteomas  of  the  mandible  are  most  likely  to  occur  in  the 
region  of  the  angle. 

Another  unusual  site  for  an  osteoma  is  the  external  auditory  meatus, 
where  the  growth  may  be  either  ivory- like  or  cancellous.  Loss  of 
hearing  and  other  results  may  follow  the  blockage  of  the  meatus. 

It  is  doubtful  if  a  true  osteoma  ever  occurs  except  in  connexion 
with  the  skeleton,  and  probably  small  tumours  of  the  skin  and  other 
parts  which  have  been  described  as  bony  would  prove  on  investigation 
to  be  merely  calcareous.  Small  osseous  deposits  occur  in  other  growths, 
such  as  chondroma  and  fibroma,  while  the  ossifying  sarcomas  will 
be  considered  subsequently  (p.  490).  Bone  is  a  very  common  con- 
stituent of  teratomas,  in  which  it  may  take  the  form  of  fcetal  parts. 

Diagnosis — The  recognition  of  the  common  forms  of  osteoma  is 
usually  easy.  In  the  case  of  a  pedunculated  osteoma  of  a  long  bone, 
confusion  has  been  known  to  arise  as  the  result  of  effusion  into  the 
overlying  bursa.  A  small  bony  prominence  in  the  neck  above  the 
clavicle  is  probably  a  cervical  rib,  and  must  not  be  mistaken  for  an 
exostosis.  An  ivory  exostosis  on  one  of  the  cranial  bones  can  hardly 
be  mistaken  for  a  periosteal  node. 

Extensive  ossification  of  a  sarcoma  may  occasionally  lead  to  a 
mistaken  diagnosis,  and  indeed  such  a  tumour  may  appear  on  section 
to  be  a  simple  osseous  growth. 

Certain  inflammatory  bone-formations  may  closely  resemble  osseous 
tumours,  although  in  these  circumstances  the  more  diffuse  character 
of  the  enlargement  is  likely  to  resemble  an  ossifying  sarcoma  rather 
than  a  simple  osteoma. 

In  this  connexion  the  extraordinary  deposit  of  new  bone  which 
may  gradually  occur  around  a  small  sequestrum  is  of  great  practical 
importance.  To  this  condition  Paget  applied  the  graphic  name  of 
"  quiet  necrosis,"  and  every  surgeon  should  remember  his  case  in 
which  amputation  was  performed  at  the  hip-joint  for  a  supposed 
ossifying  tumour  of  the  femur,  but  in  which  the  enlargement  of  the 
bone  was  due  to  chronic  osteitis  around  a  central  sequestrum.  In  the 
lower  jaw  instances  of  the  mimicry  of  an  osseous  tumour  by  chronic 
inflammation  of  the  bone  are  not  uncommon.  A  specimen  in  the 
Museum  of  University  College  Hospital  well  illustrates  this  point.  It 
consists  of  part  of  the  right  side  of  the  body  of  the  mandible  removed 
by  operation  for  a  supposed  bony  tumour.  In  the  interior  of  the 
dense  mass  of  bone  is  an  irregular  cavity  containing  an  imperfectly 
separated  sequestrum  and  the  fang  of  a  tooth. 

In  connexion  with  bony  tumours  of  the  jaws,  it  may  be  remarked 
that  some  of  those  recorded  as  central  osteomas  have  been  examples 
of  odontoma  ;  and  reference  must  also  be  made  to  the  rare  disease  to 
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which  Virchow  gave  the  name  "  leontiasis  ossium."  This  afEectiou 
usually  begins  in  early  life  as  a  thickening  of  one  of  the  facial  bones. 
Very  gradually  the  enlargement  extends  and  may  spread  eventually 
to  all  the  facial  bones  and  those  of  the  cranium,  producing  diffuse 
enlargements  and  hyperostoses  which  encroach  upon  all  the  neighbouring 
cavities,  producing  hideous  deformity  and  various  symptoms  due  to 
obstruction  to  respiration  and  pressure  on  the  brain  and  cranial  nerves. 
The  affected  bones  are  converted  into  masses  of  dense,  spongy,  osseous 
tissue,  the  spaces  of  which  are  occupied  by  fibrillated  tissue.  Nothing 
is  known  concerning  the  cause  and  nature  of  the  disease,  and  it  is  only 
in  the  earlier  stages,  when  it  is  limited  in  extent,  that  it  can  at  all 
resemble  an  osseous  tumour. 

Treatment. — An  ivory  exostosis  of  the  outer  surface  of  a  cranial 
bone  rarely  requires  removal.  Bony  tumours  of  the  frontal  sinus 
have  occasionally  been  removed  by  opening  the  enlarged  cavity  and 
detaching  the  tuniom-  from  its  site  of  attachment.  In  the  auditory 
meatus  the  removal  of  an  osteoma  may  be  an  urgently  necessary  but 
difficult  procedure.  Speaking  generally,  it  may  be  said  that  when 
practicable  an  ivory  osteoma  should  be  removed  by  dividing  the  bone 
from  which  it  arises  rather  than  by  the  older  and  more  difficult  method 
of  gradually  dividing  the  base  of  the  tumour  itself. 

ODONTOMA 

In  a  classification  of  tumom's  based  entirely  upon  structure 
the  name  "  odontoma  "  must  be  restricted  to  those  bone-like  tumours 
wliich  consist  of  one  or  more  of  the  special  dental  tissues — 
enemal,  dentine,  and  cement.  At  the  present  time,  however,  it  is 
customary,  following  Bland-Sutton  and  other  pathologists,  to  employ 
the  term  in  a  much  wider  sense,  and  to  define  an  odontoma  as  "  a 
tumour  composed  of  dental  tissues  in  varying  proportions  and  different 
degrees  of  development  arising  from  teeth-germs  or  teeth  still  in  the 
process  of  development."  It  will  be  seen  that,  according  to  this 
definition,  all  tumours  which  are  beheved  to  owe  their  origin  to  errors 
and  irregularities  in  the  development  of  the  teeth,  however  widely 
they  may  differ  in  structure,  are  included  under  this  name. 

The  chief  facts  concerning  the  development  of  the  teeth  may 
briefly  be  mentioned.  From  the  ejjithelium  of  the  gum  a  downgrowth 
occurs  into  the  mesoblast,  and  becoming  thickened  at  the  sites  of  the 
future  teeth,  forms  the  special  enamel  germ  from  which  the  enamel  is 
developed.  Into  the  deep  sm-face  of  each  enamel-germ  a  jDi'ocess  of 
the  mesoblast  projects — the  dental  papilla — and  from  this  the  dentine 
and  the  pulp  arise.  Around  the  enamel-germ  and  papilla  a  layer  of 
condensed  vascular  mesoblast  forms  the  dental  sac,  from  the  inner 
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jmrt  -of  which  the  layer  of  cement  which  covers  the  dentine  of  the  fang 
develops.  The  dental  sac  and  its  contents  are  together  known  as 
the  tooth-follicle. 

iThe  development  of  those  permanent  teeth  which  replace  the  tem- 
porary set  is  in  all  essential  respects  similar,  except  that  the  enamel- 
germ,  instead  of  being  formed  by  a  direct  downgrowth  from  the  surface 
epithelium,  arises  as  a  bud-like  thickening  on  the  strand  of  epithelium 
which  connects  the  enamel-organ  of  each  temporary  tooth  with  the 
surface. 

From  this  it  is  evident  that  tumours  of  very  varying  structure — 
epiblastic  and  mesoblastic — can  arise  in  connexion  with  the  changes 
concerned  in  the  development  of  the  teeth,  and,  as  Broca  has  shown, 
the  actual  structure  of  the  tumour  will  depend  upon  the  period  at 
which  it  arises. 

In  188-5,  Malassez  published  some  important  observations  in  which 
he  was  able  to  show  that  epithelium  cells,  representing  parts  of  the 
common  enamel-germ  which  are  not  actually  concerned  in  the  forma- 
tion of  the  enamel-organ,  may  still  remain  in  the  adult  jaw.  To  these 
epithelial  remains  he  gave  the  name  "  debris  epitheliaux  paradent- 
aires,"  and  it  is  probable  that  certain  cystic  and  epithelial  tumours 
of  the  jaws  originate  in  them. 

Following  Bland-Sutton's  classification,  the  following  varieties  of 
odontoma  are  recognized  : — 

1.  Epithelial  odontoma. — This  tumour,  which  is  most  common  in 
the  mandible,  is  also  known  as  the  cystic  epithelioma,  or  multilocular 
cystic  disease,  and  will  be  considered  subsequently  (p.  539).  It  is 
usually  met  with  in  adult  life  and  is  believed  to  originate  in  the 
epithelial  cell  groups  described  by  Malassez. 

2.  Follicular  odontoma. — This  is  more  commonly  known  as  the 
dentigerous  cyst  (p.  .598).  According  to  Bland-Sutton,  it  represents 
an  expanded  tooth-follicle. 

3.  Fibrous  odontoma. — This  results  from  fibrous  thickening  of  the 
dental  sac  and  presents  itself  as  a  central  fibrous  tumoiu-  of  the  jaAV 
in  which  an  unerupted  and  often  imperfectly-developed  tooth  is 
embedded  (p.  378). 

4.  Cementoma. — This  form  of  odontoma  results  from  ossification 
of  the  thickened  fibrous  capsule  of  the  last  variety,  so  that  the  tooth 
becomes  embedded  in  a  mass  of  cementum  (Bland-Sutton). 

5.  Compound  follicular  odontoma.- — A  very  rare  form  in  which  the 
tumour  contains  "  a  number  of  small  fragments  of  cementum,  or 
dentine,  or  even  ill-shaped  teeth  (denticles),  composed  of  three  dental 
elements — cementum,  dentine,  and  enamel." 

6.  Radicular  odontoma. — An  odontoma  formed  from  the  fang  of  a 
tooth  after  the  formation  of  the  crown  is  complete.   It  takes  the  form 
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of  an  irregular  tumour,  composed  of  dentine  and  cementum,  replacing 
or  springing  from  the  root  of  a  tooth.  As  the  crown  of  the  tooth  takes 
no  part  in  the  formation  of  a  radicular  odontoma,  the  tumour  does  not 
contain  enamel. 

7.  Composite  odontoma. — This  name  has  been  applied  by  Bland- 
Sutton  to  "those  hard  tooth-tumours  which  bear  little  or  no  resemblance 
in  shajje  to  teeth,  but  occur  in  the  jaws,  and  consist  of  a  disordered 
conglomeration    of   enamel,    dentine,  and 
cementum."    Such  odontomas  may  be  con-  ,. •,, 

sidered  as  arising  from  an  abnormal  growth 
of   all   the   elements   of  a   tooth-germ —  t-i  ■ 

enamel-organ,  papilla,  and  follicle.  Com- 
posite odontomas  occur  in  the  maxilla  and 
mandible,  and  when  in  the  former  situation 
may  extend  into  the  antrum.  In  some  in- 
stances the  tumour  has  separated  sponta- 
neously, as  in  the  case  recorded  by  Hilton, 
who  regarded  the  tumour  of  the  upper  jaw 
as  an  exostosis.  In  this  extraordinary  case 
the  tumour,  which  weighed  14|  ounces,  had 
been  gTowing  for  twenty-three  years  ;  it 
extended  into  the  orbit,  and  finally  sepa- 
rated spontaneously  after  sloughing  of  the 
overlying  tissues. 

The  composite  odontoma  represented  in 
Fig.  66  was  removed  by  Christopher  Heath 
from  a  young  woman  of  18.  The  tumour 
had  caused  expansion  of  the  right  half  of 
the  lower  jaw  with  suppuration.  A  patch 
of   apparently  bare    bone   could   be  felt 

within  the  mouth,  and  it  was  at  first  doubtful  whether  the  case 
was  one  of  simple  necrosis  or  of  necrosis  secondary  to  the  growth 
of  a  tumour  in  the  bone.  Eventually  the  tumour  was  removed 
with  an  elevator  without  sacrificing  any  part  of  the  jaw.  This  case 
illustrates  the  difficulty  w-hich  may  occur  in  the  clinical  diagnosis 
of  an  odontoma,  and  the  importance  of  distinguishing  it  from  a 
tumour  of  the  jaw  so  that  an  unnecessarily  severe  operation  may 
be  avoided. 

Before  leaving  this  subject,  it  may  be  pointed  out  that  of  the 
above  varieties  of  odontoma,  the  only  ones  which  can  be  included 
in  this  gToup  of  tumours,  if  the  structural  basis  of  classification  is 
adopted,  are  the  cementomas,  compound  follicular  odontomas, 
radicular  odontomas,  and  composite  odontomas ;  the  remaining 
varieties  are  described  elsewhere. 


Fig.  <)(>.  —  Composite 
odontoma,  in  section. 
The  tumour  consists 
of  a  marble-like  mass 
of  dental  tissues. 
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MYELOMA 

A  myeloma  is  a  tumour  which  in  its  structure  corresponds  more 
or  less  closely  with  that  of  red  bone-marrow. 

Structure. — Examined  microscopically,  the  most  striking  feature 
of  the  tumour  is  the  presence  of  numerous  large  multinucleated  cells 
— myeloplaxes  (Fig.  67).     These  cells  are  usually  rounded  or  oval  in 


Fig.  67. — Microscopic  section  of  a  myeloma. 


shape,  with  a  regular  outline,  and  the  nuclei,  often  twelve  or  more  in 
number,  are  arranged  centrally  or  irregularly  throughout  the  proto- 
plasm. Between  the  giant  cells  is  a  cellular  tissue,  the  cells  of  which  are 
small  and  mostly  oval  in  shape  and  lie  in  a  finely  fibrillated  stroma. 
The  blood-vessels  are  very  numerous.  A  myeloma  on  section  presents 
a  homogeneous  appearance  and  has  a  characteristic  dark-red  or  maroon 
colour  (Plate  31).  It  has  a  pecuhar  consistence,  and  its  friability 
has  been  compared  with  that  of  the  Hver.  The  colour  of  the  tumour 
is  often  modified  by  changes  in  the  blood  extravasations  which  are 
common  in  its  substance,  so  that  mixed  with  the  dark-red  tissue 
are  often  seen  areas  of  a  dark  chocolate-brown  tint.  As  a  further 
result  of  extravasation,  degenerative  changes  are  common  in  the 
tumour,  and  cysts  frequently  form,  sometimes  so  extensively  as  to 
obscure  the  true  nature  of  the  growth. 

It  was  formerly  customary  to  include  the  myelomas  among  the 
sarcomas  as  the  giant-celled  variety,  or  myeloid  sarcoma.  The  course 
of  the  disease,  however,  fully  justifies  the  view  that  a  myeloma  is  a 
benign  growth,  showing  no  tendency  to  cause  deposits  in  the  lymphatic 


Myeloma  of  upper  extremity  of  tibia. 
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glands  or  metastases.  It  is  midoubtedly  true  that  in  many  forms 
of  rapidly  growing  sarcoma  multinucleated  giant-cells  are  present, 
but  this  feature  alone  does  not  justify  the  inclusion  of  such  tumours 
with  the  myelomas.  The  true  myeloma  presents  macroscopic  and 
histological  characters  which  are  quite  characteristic,  and  it  may 
safely  be  concluded  that  giant-celled  tumours  exhibiting  evidences  of 
malignancy  are  sarcomas  and  not  myelomas.  The  same  is  true  of 
certain  giant-celled  tumours  occasionally  met  with  in  other  situations 
than  the  bones. 

Clinical  features — Myelomas  are  met  with  exclusively  in  the 
bones,  and  are  much  more  common  in  the  loiig  bones  than  elsewhere, 
beginning  usually  in  the  interior  of  the  shaft,  close  to  the  epiphysis. 
As  the  tumour  grows  it  gradually  expands  the  bone  and  extends 
into  the  epiphysis,  often  up  to  the  articular  cartilage,  which,  however, 
even  in  the  later  stages  of  the  disease  when  great  enlargement  of  the 
articular  extremity  has  resulted,  almost  invariably  remains  intact, 
and  prevents  the  tumour  from  reaching  the  joint  cavity  (Fig.  68). 
As  the  bone  becomes  expanded  it  usually  becomes  progressively 
thinned,  and  at  a  certain  stage  the  bony  layer  surrounding  the  tumour 
may  at  parts  give  the  peculiar  sensation  known  as  "  eggshell-crackling  " 
under  the  pressure  of  the  finger.  At  a  still  later  stage  the  bony  shell 
becomes  entirely  absorbed  at  one  or  more  spots,  and  the  tumom-  pro- 
jects from  the  interior  of  the  bone,  and  can  be  felt  as  a  softer  lobe 
on  the  surface  of  the  otherwise  bony  enlargement.  On  account  of  the 
great  vascularity  of  the  tumour,  pulsation  can  often  be  detected  at 
any  spot  at  which  the  bony  envelope  of  the  growth  is  wanting,  and  is 
a  physical  sign  of  great  value  in  the  differential  diagnosis. 

As  already  mentioned,  the  substance  of  a  myeloma  may  be  very 
extensively  broken  down  by  haemorrhage.  In  some  cases  this  occurs 
to  such  an  extent  that  the  whole  tumour  is  transformed  into  a  mere 
blood  cyst  of  the  bone,  the  true  nature  of  which  can  only  be  demon- 
strated by  microscopic  examination  of  the  thin  layer  of  soft  tissue 
which  usually  lines  the  cavity  in  the  bone.  In  the  case  from  which 
the  accompanying  drawing  (Fig.  69)  was  made,  the  superficial  part 
of  the  cyst  which  projected  from  the  posterior  surface  of  the  upper 
extremity  of  the  tibia  formed  an  elastic  swelling  in  the  popliteal  space. 

Myeloma  is  most  common  in  the  lower  limb,  especially  in  the  upper 
extremity  of  the  tibia  ;  it  is  not  uncommon  in  the  lower  extremity 
of  the  femur,  and  has  also  been  met  with  in  the  fibula,  especially  the 
upper  end,  and  in  the  patella.  In  the  upper  limb  the  most  common 
site  is  the  upper  extremity  of  the  humerus  ;  in  the  forearm  bones  the 
lower  extremities  are  more  often  affected  than  the  upper  ;  in  the 
clavicle,  myeloma  of  the  sternal  end  is  less  rare  than  of  the  acromial 
end. 
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Diagnosis. — The  difficulties  wliicli  may  be  encountered  in  the 
differential  diagnosis  of  a  myeloma  are  best  illustrated  by  the  disease 
as  it  occurs  in  one  of  the  adjacent  extremities  of  the  tibia  and  femur. 
In  the  early  stages  it  may  be  indistinguishable,  except  by  an  explora- 
tory incision,  from  various  chronic  inflammatorv  enlargements  of  the 


bone,  such  as  may  result  from  tuberculous  disease,  chronic  abscess,  and 
syphilitic  osteitis.  A  central  sarcoma  may  in  the  earlier  stages  so 
closely  resemble  a  myeloma  that  only  a  thorough  exploratory  opera- 
tion will  enable  the  distinction  to  be  made.  The  myeloma  and  central 
sarcoma  may  both  present  a  soft  pulsating  area  on  the  enlarged  bone, 
which  will  with  certainty  distinguish  them  from  inflammatory  forms 


MYELOMA  :  DIAGNOSIS 


403 


of  enlargement,  and  X-ray  examination  may  prove  very  useful  (Fig. 
70).  In  a  doubtful  case  no  time  should  be  lost  in  making  an  exploration 
of  the  interior  of  the  bone. 

In  tlie  later  stages  a  myeloma  of  the  articular  extremity  of  a  long 


Fig.  69. — Myeloma  of  upper  extremity  of  tibia,  in  section. 

(I'liiz'cnity  t','//,;-,'  Uos'>it,il  Miis.iiiii.) 


bone  may  closely  imitate  articular  disease,  although  b}^  careful  examina- 
tion such  a  mistake  is  usually  avoidable.  In  the  case  of  m5-eloma  of 
the  tibia  from  which  Fig.  68  was  taken,  the  patient,  a  woman  aiied  42, 
had  been  treated  for  three  years  for  clironic  rheumatism  of  the 
knee-joint  ;  but  tlie  mistake  which  has  most  often  liecn  made  is  to 
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confound  a  myeloma  of  the  femur  or  tibia  with  tuberculous  disease 
of  the  joint. 

Lastly,  it  must  be  remembered  that  a  pulsating  tumour  of  a  bone, 
such  as  a  myeloma  or  sarcoma,  may  present  a  superficial  resemblance 
to  an  aneurysm,  as,  for  instance,  when  the  pulsating  part  of  the  tumour 
projects  from  the  femur  or  tibia  into  the  popliteal  space,  or  from  the 

humerus  into  the  axilla. 

Myeloma  of  the  jaws  is  more 
common  in  the  mandible  than  in 
the  maxilla.  The  tumour  usually 
begins  in  the  interior  of  the  al- 
veolus and,  as  it  increases,  tends 
to  project  beneath  the  gum  as 
a  soft  reddish  mass,  which  can 
usually  be  distinguished  from  a 
fibrous  epulis  by  its  more  rapid 
growth,  softer  consistence,  and 
darker  colour.  In  other  cases 
the  tumour,  when  affecting  the 
mandible,  extends  into  the  body 
of  the  bone,  expanding  it  and 
thinning  the  osseous  tissue  so  as 
to  allow  egg-shell  crackling  to  be 
demonstrated.  In  the  maxilla 
the  tumour  may  in  rare  instances 
I  extend  into  the  antrum.  The 

i  expansion  of  the  mandible  caused 

^.  „  ^         ,       .      by  a  central  myeloma  must  be 

Fig.  70. — Radiogram  of  a  myeloma  in     ,.  ,.      •  i    i  x 

the  lower  extremity  of  the  radius.       distingmshed    from  various  m- 

flammatory    enlargements  and 

{_EvL\  Clin.  Soc.  Trans.,  vol.  xxxiii.)  ,         -,  .  . 

from  other  descriptions  of  central 
new  growths,  especially  a  dentigerous  cyst. 

Treatment  The  least  extensive  measure  which  can  be  applied 

to  the  removal  of  a  myeloma  is  to  open  up  the  affected  part  of  the 
bone  and  thoroughly  clear  out  the  tumour  together  with  the  surround- 
ing osseous  tissue.  Such  a  simple  measure  has  been  successfully 
adopted  in  certain  myelomas  of  the  jaws  and  even  of  the  long  bones 
of  the  hmbs.  In  some  situations,  as,  for  instance,  when  the  disease 
involves  the  upper  extremity  of  the  humerus,  the  head  of  the  fibula,  the 
head  of  the  radius,  the  lower  ends  of  the  radius  or  ulna,  or  either  end  of 
the  clavicle,  a  good  result  has  followed  excision  of  the  affected  part 
of  the  bone.  In  a  case  of  myeloma  of  the  patella.  Lister  removed  the 
bone  and  excised  the  articular  extremities  of  the  femur  and  tibia  in 
order  to  secure  ankylosis  of  the  knee.   When  amputation  is  inevitable, 
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as  is  usually  the  case  in  myeloma  of  the  lower  end  of  the  femur  or  the 
upper  end  of  the  tibia,  the  limb  may  safely  be  removed  immediately 
above  the  disease. 

Before  leaving  the  subject  of  myeloma,  it  may  be  well  to  point 
out  that  the  name  has  been  apphed  to  diffuse  tumour-like  formations 
of  the  bone-marrow  occurring  in  certain  rare  cases,  and  in  several 
recorded  instances  associated  with  the  presence  in  the  urine  of  the 
pecuhar  protein  substance  or  albumose  first  described  by  Bence  Jones. 
The  disease  is  also  known  by  the  names  of  "  myelopathic  albumosuria  " 
and  "  Kahler's  disease."  and  has  been  studied  in  this  country  especially 
by  Bradshaw  and  Parkes  Weber,  in  whose  writings  a  full  description 
of  the  recorded  cases  will  be  found.  The  diffuse  growths,  which,  as  a 
rule,  show  no  tendency  to  cause  metastases,  affect  chiefly  the  vertebrae, 
sternum,  and  ribs,  less  commonly  the  bones  of  the  limbs,  and  may  cause 
localized  outgrowths  on  the  bones.  The  softening  of  the  bones  due 
to  the  absorj)tion  of  the  osseous  tissue  may  be  followed  by  gradual 
alteration  in  shape,  producing  in  the  case  of  the  spine  marked  kyj)liosis. 
The  natm-e  of  the  diffuse  growths  has  varied  in  different  cases,  and 
the  term  "myeloma"  or  "myelomatosis"  is  applied  to  them  rather 
as  indicating  their  origin  in  the  bone-marrow  than  on  the  grounds  of 
their  actual  structure. 

AINGIOIVIA 

An  angioma  is  a  tuuKiur  of  vascular  structure,  a  hcemawjioma 
bemg  composed  of  blood-vessels,  and  a  Ijiiiip/Htnijionia  of  lymphatic 
vessels.  Tumours  of  this  nature  are  most  commonly  congenital, 
and  are  frequently  known  as  vascular  neevi,  those  composed  of 
lymphatic  vessels  being  distinguished  as  lymphatic  naevi.  The  word 
ntevus  strictly  means  a  mole  or  natural  mark,  and  is  frequently 
employed  to  include  pigmentary  and  other  congenital  marks  on 
the  skin  ;  but  in  the  more  common  use  of  the  term  it  is  understood  to 
mean  a  hajmangioma,  whether  congenital  or  acquired; 

HEMANGIOMA 

Tumours  composed  of  blood-vessels  are  divided,  according  to  the 
character  of  the  constituent  vessels,  into  capillary,  arterial,  venous, 
and  cavernous,  of  which  the  ( apillary  and  cavernous  are  the  most 
common.  Some  confusion  has  arisen  from  tin  use  of  the  terms  venous 
and  cavernous  in  this  connexion  as  if  synonymous.  A  cavernous 
nsevus,  however,  does  not  consist  of  vessels  resembling  veins,  but 
imitates  the  structure  of  the  cavernous  or  erectile  tissue  met  with 
in  the  penis  and  elsewhere. 

Capillary  angioma. —  If    a   capillary    na'vus    is  examined 
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microscopically  it  is  found  to  consist  of  closely  packed  capillary  vessels 
which,  on  account  of  their  irregular  arrangement,  are  divided  in  various 
directions.  The  endothelium  cells  are  often  arranged  in  several  layers, 
and  thus  the  lumen  mR,y  be  very  small,  and  the  close  approximation 
of  the  vessels  may  give  a  very  cellular  appearance  to  the  section 
(Fig.  71).    In  other  cases  the  capillary  vessels  are  separated  by  more 


Fig.  71. — Microscopic  section  of  a  capillary  angioma,  showing 
capillary  blood-vessels,  the  swollen  endothelium  of  which  gives 
them  in  some  parts  a  gland-like  appearance. 


abundant  connective  tissue,  often  containing  fat  cells,  and  in  the  skin 
the  capillary  network  passes  irregularly  among  the  sweat-  and  sebaceous 
glands  and  hair-follicles.  The  capillaries  not  infrequently  present 
small  saccular  dilatations. 

Capillary  angiomas  are  most  common  in  the  skin,  and  are  popularly 
known  as  "  mother's  marks,"  or,  according  to  their  appearance,  as 
"  strawberry  marks,"  etc.  They  are  usually  present  at  birth,  but 
often  spread  from  a  minute  red  spot  to  cover  large  surfaces.  In  its 
most  usual  form  a  cutaneous  nsevus  forms  a  bright-red,  sharply 
defined  patch  without  obvious  elevation  of  the  surface,  but  at  other 
times  the  affected  part  of  the  skin  presents  a  somewhat  velvety 
surface,  or  may  be  raised  in  the  form  of  a  soft  nodular  or  warty  growth 
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of  a  dark-red  or  purple  colour.  The  so-called  "  port-wine  stains  "  on 
the  face  and  elsewhere  need  no  further  description  ;  the  jjatch'may  be 
uniformly  coloured,  but  sometimes,  by  putting  the  skin  on  the  stretch, 
the  small  branching  vessels  can  be  recognized.  In  the  case  of  a  large 
haemangioma  the  increased  heat  of  tlie  part  is  very  obvious  to  the 
hand,  and  by  pressure  the  colour  of  a  nsevus  disappears  more  or  less 
completely. 

Cutaneous  nsevi  are  most  common  about  the  head  and  face.  Of 
1,G00  nsevi  observed  by  Lewis  Jones,  851  were  situated  on  the  head 
or  face,  82  on  the  neck,  413  on  the  trunk,  229  on  the  limbs,  and  25  in 
other  situations.  The  same  observer  noticed  that  female  children 
were  about  twice  as  often  affected  as  males,  whilst  multiple  nsevi  were 
four  times  as  common  in  girls  as  in  boys.  The  tendency  of  nsevi 
to  affect  the  middle  line  of  the  body  is  often  seen  in  those  situated  on 
the  face  and  scalp,  and  occasionally  cutaneous  nsevi  appear  to  corre- 
spond in  their  extent  with  the  distribution  of  a  nerve.  Although  not 
congenital,  a  common  form  of  angioma  on  the  face  in  children  is  the 
nsevus  araneus  or  "  spider  nsevus,"  which  consists  of  a  minute  raised 
red  spot  from  which  a  number  of  fine  red  lines  radiate. 

Capillary  nsevi  of  the  skin  are  not  always  entirely  superficial,  but 
may  extend  into  the  subcutaneous  tissue,  forming  a  soft  tumour 
resembling  a  cavernous  angioma  in  its  characters  ;  whilst  frequently 
a  nsevus  has  a  mixed  structure,  the  cutaneous  part  being  capillary 
and  the  subcutaneous  part  cavernous. 

After  reaching  a  variable  size,  cutaneous  nsevi  usually  remain 
stationary.  They  rarely  disappear  entirely,  exce^Jt  the  very  faint 
nsevoid  patches  which  are  so  frequently  jJresent  in  the  eyelids  and 
adjacent  parts  in  newly-born  children.  Occasionally  a  cutaneous 
nsevus  fades  in  the  centre  whilst  it  continues  to  spread  at  its  margin. 
Nsevi  involving  the  skin  sometimes  ulcerate,  and  may  shrink  and 
become  cicatricial  as  the  ulcer  heals.  Ulceration  occasionally  leads 
to  ha?morrhage  which  may  be  alarming. 

Angiomas  of  the  mucous  membranes  may  be  the  source  of  repeated 
and  sometimes  copious  haemorrhages,  as,  for  instance,  from  the  nose, 
tongue,  gums,  bladder,  and  rectum.  In  cases  of  this  nature  the  angioma 
may  be  an  isolated  growth,  but  in  other  instances  the  telangiectases 
are  multiple,  and  present  on  the  skin  and  mucous  membranes. 

These  vivhiple  telangiectases  have  been  observed  chiefly  in  females, 
and  in  some  instances  have  been  hereditary.  In  the  case  of  a  woman 
aged  5i;,  recorded  by  Sidney  Phillips,  there  had  been  attacks  of  epistaxis 
since  childhood,  and  for  eleven  years  occasional  bleeding  from  vascular 
patches  on  tlie  tongue,  and  there  were  small  red  nsevoid  spots  on  tlie 
skin  of  the  trunk.  The  patient's  father  had  suffered  from  bleeding 
from  the  nose  and  tongue,  a  sister  died  of  bleeding  from  the  gums, 
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and  one  child  liad  vascular  patches  on  the  tongue.  In  a  similar  case, 
also  a  Avoman,  recorded  by  Parkes  Weber,  there  were  angiomas  on 
the  face,  ears,  lips,  tongue,  conjunctiva,  nose,  pharynx,  and  epiglottis. 
There  was  also  a  retinal  hsemorrhage  in  one  eye,  and  there  remained 
evidences  of  an  old  hsemorrhage  in  the  other.  The  woman's  mother 
and  several  of  her  children  were  similarly  affected.  Cases  of  this 
nature  must  be  carefully  distinguished  from  haemophilia,  which  is 
almost  exclusively  met  with  in  males. 

After  middle  age  it  is  very  common  to  find  small  red  spots  on 
the  skin,  especially  on  the  front  of  the  trunk.  The  smallest,  not  larger 
than  a  pin's  head,  are  flat,  but  when  of  somewhat  larger  size  they 
may  be  distinctly  raised.  These  spots  were  first  described  by  Campbell 
de  Morgan,  who  believed  them  to  be  especially  common  in  the  subjects 
of  malignant  disease,  particularly  carcinoma  of  the  breast ;  hence  they 
are  known  as  "  de  Morgan's  spots."  They  are  certainly  often  seen  in 
women  with  mammary  cancer,  but  are  quite  common  in  both  sexes, 

and  appear  to  be  of  no 
;.  _  significance.    They  are  vas- 

^  cular  in  nature,  consisting 

'     ;  '  ■  of  thin- walled  dilated  cu- 

taneous capillaries,  and  are 
probably  the  result  of  de- 
.t  '   '  ,  >    .  .      Generative  changes. 

<  Cavernous  angi- 

oma.— A  cavernous  naevus 
has  the  structure  of  erectile 
tissue.  A  section  of  such 
a  tumour  often  presents, 

T--     nc     f  •  ™     ■  even  to  the  naked  eye,  a 

Fig.  72. — Cavernous  angioma,  in   sec-  ' 

tion.  The  tumour  was  situated  be-  finely-spongy  structure  of 
neath  the  temporal  muscle.  a  deep-red  colour  (Fig.  72). 

In  many  cases  the  tumour 
is  completely  encapsuled,  and  the  vessels  which  enter  and  leave  it 
are  not  unusually  large  or  numerous.  Examined  microscopically,  a 
cavernous  angioma  presents  large  blood-spaces  or  sinuses  lined  with 
endothelium,  and  lying  in  a  cellular  connective  tissue  in  which  groups 
of  fat-cells  are  often  present  (Fig.  73).  The  small  cavernous  angi- 
omas, which  are  not  uncommon  in  the  liver,  develop,  according  to 
Ziegler,  in  advanced  age,  and  are  not  congenital.  They  are  said  to 
result  from  dilatation  and  coalescence  of  neighbouring  capillaries 
within  the  lobules. 

A  cavernous  hsemangioma,  when  situated  in  the  subcutaneous  tissue 
or  other  accessible  situation,  such  as  in  the  substance  of  the  lip,  forms 
a  soft,  spongy  tumour  of  well-defined  outline  and  often  with  a  lobulatei 
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surface.  The  overlying  skin  may  be  normal  or  the  seat  of  a  capillary 
nsevus.  The  tumom-  often  presents  the  pecuHar  feature  that  it  can 
be  considerably  diminished  in  size  by  pressure,  and  that  when  the 
pressure  is  removed  the  tumour  regains  its  former  size  as  the  cavern- 
ous tissue  refills  with  blood.  This  sign  is  by  no  means  always  obtain- 
able, especially  if  the  vascular  tissue  is  largely  mixed  with  fat  or  fibrous 
tissue.  Occasionally  the  tumour  pulsates,  and  often  has  an  increased 
tension  during  a  straining  effort. 


Fig.  To. — Microscopic  section  of  a  cavernous  angioma,  showing 
large  spaces  filled  with  blood  and  surrounded  by  a  cellular 
connective  tissue. 

Plexiform  angioma. — This  rare  form  of  angioma  was  formerly 
known  by  the  names  "  cirsoid  aneurysm  "  and  "  aneurysm  by  anasto- 
mosis." Although  the  vessels  composing  it  are  chiefly  arterial,  the 
veins  and  capillaries  of  the  part  may  also  partake  in  the  production 
of  the  tumour,  and  thus  the  name  "  arterial  angioma,"  which  is  some- 
times applied  to  it,  is  not  strictly  accurate.  The  disease  is  most 
common  in  the  scalp,  especially  in  the  distribution  of  the  temporal 
and  occipital  arteries,  and  in  the  external  ear.    It  consists  of  a  mass 
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of  large,  tortuous,  intercommunicating,  pulsating  vessels,  sometimes 
forming  a  tumour  extending  over  a  considerable  area.  At  the  peri- 
pheral parts  of  the  mass  the  normal  arterial  trunks  are  much 
enlarged,  and  can  be  traced  into  it.  Accompanying  the  pulsation  a 
loud  bruit  may  be  audible  to  the  patient  as  well  as  to  the  observer. 
The  whole  tumour  has  a  convoluted  surface  and  a  bluish  colour  ;  the 
overlying  skin  may  also  be  nsevoid,  and  in  the  scalp  generally  becomes 
hairless. 

Plexiform  angioma  usually  develops  gradually  in  young  adults, 
but  in  some  instances  it  appears  to  have  originated  in  a  small  con- 
genital nsevus.  In  other  cases  the  disease  has  followed  an  injury, 
and  it  is  possible  that  in  some  cases  of  this  nature  an  arterio-venous 
communication  has  been  present. 

Although  most  common  on  the  scalp,  plexiform  angioma  has  been 
met  with  elsewhere.  It  has  been  known  to  occur  in  connexion  with 
the  cerebral  arteries,  and  has  been  recorded  on  the  hands  and  feet. 
Bland-Sutton  mentions  a  case  which  came  under  his  treatment  in 
which  a  large  tumour  of  this  nature  was  situated  in  the  perineum,  the 
corpus  spongiosum  being  surrounded  by  numbers  of  large  vessels, 
some  having  the  characters  of  arteries  and  others  of  veins.  The  disease 
has  also  been  recorded  in  the  orbit  as  a  very  exceptional  cause  of 
pulsating  exophthalmos. 

A  plexiform  angioma  tends  to  increase,  often  at  an  irregidar  rate, 
and  may  prove  fatal  from  haemorrhage,  or  from  ulceration  and  septic 
complications. 

It  has  already  been  remarked  that  cavernous  angiomas  are  often 
wrongly  termed  venous,  and  also  that  in  plexiform  angiomas  some 
of  the  component  vessels  may  partake  of  the  character  of  veins  rather 
than  arteries.  True  venous  angiomas  can  indeed  hardly  be  recognized 
as  a  distinct  variety.  In  certain  cases  of  varix,  however,  in  which 
the  venous  dilatation  occurs  in  early  hfe,  independently  of  any  obvious 
venous  obstruction,  and  is  limited  in  its  distribution,  the  condition 
may  be  regarded  as  rather  of  the  nature  of  a  vascular  new  growth 
than  as  a  mere  va.ricose  enlargement  of  a  normal  vein.  The  associa- 
tion of  this  variety  of  varicose  veins  with  cavernous  angiomas  has 
occasionally  been  observed. 

Angioma  of  the  tongue. — Mention  has  been  made  of  capil- 
lary na'vi  occurring  in  the  mucous  membrane  of  the  tongue,  some- 
times associated  Avith  multiple  telangiectases  of  the  skin  and  mucosae. 
Cavernous  angiomas  are  sometimes  met  with  in  this  situation  as  isolated 
spongy  tumours  in  or  beneath  the  mucous  membrane,  or  in  com- 
bination with  lymphangioma  in  some  cases  of  congenital  macroglossia. 
In  a  specimen  preserved  in  the  Museum  of  University  College  Hospital 
the  condition  appears  to  be  rather  of  the  nature  of  a  plexiform  angioma. 
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The  right  half  of  the  tongue  was  removed  by  Barker  from  a  man  aged 
34,  in  whom  an  enlargement  of  the  part  had  existed  since  boyhood,  and 
who  had  suft'ered  repeated  attacks  of  hfemorrhage  resulting  in  intense 
ana?mia.  The  bleeding  occurred  from  a  grouj^  of  enlarged  pajjilhe,  but 
the  whole  of  the  right  half  of  the  tongue  was  soft  and  swollen.  The 
right  lingual  artery  and  its  branches  were  enlarged  and  tortuous,  and 
beneath  the  mucous  membrane  was  a  plexus  of  dilated  capillaries  from 
which  loops  extended  into  the  papilla?. 

Angioma  of  the  rectum. — Several  cases  of  cavernous  angioma 
of  tlie  mucous  mcmhiain',  oi  IIk;  rectum  are  on  record.  In  one,  brought 
before  the  Royal  Medical  and  Chirurgical  Society  by  Barker  in  1883, 
a  man  aged  45  had  suffered  since  boyhood  from  attacks  of  rectal 
haemorrhage,  which  gradually  increased  in  severity  and  eventually 
proved  fatal.  Examination  of  the  rectum  during  life  revealed  the 
presence  of  three  shallow  ulcers,  from  which  blood  continuously  oozed, 
and  a  peculiar  purple  inottling  of  the  surrounding  mucous  membrane. 
The  tumour,  w^hich  had  the  typical  structure  of  a  cavernous  ;'.ngioma, 
involved  the  mucous  and  submucous  layers  of  the  left  and  anterior 
aspects  of  tlie  hnwd  for  a  distance  of  8'5  cm. 

Angioma  of  bones. — Many  cases  formerly  described  as  erectile 
tumours  of  bone  were  undoubtedly  pulsating  myelomas  and  sai'comas, 
and  although  a  few  examples  of  true  angioma  are  on  record  they  are 
extremely  rare.  Occasionally  a  nsevus  of  the  overlying  soft  parts 
may  be  intimately  connected  with  and  even  involve  the  sulijacent 
osseous  tissue.  In  1841,  Liston  recorded  an  extraordinary  case  of  a 
large  vascular  tumour  growing  in  connexion  with  tlie  upper  jaw, 
the  specimen  being  preserved  in  University  College  Hospital  Museum. 
The  tumour,  which  has  the  typical  structure  of  a  cavernous  angioma, 
grew  from  the  posterior  surface  of  the  maxilla,  tilling  the  spheno- 
maxillary and  lower  part  of  the  temporal  fossa>  and  projecting  into 
the  pharynx  and  mouth.  Frequent  attacks  of  hsemorrhage  occurred 
from  the  growth,  and  on  excising  the  maxilla  the  whole  of  the  lolnilated 
tumour  came  away  with  it. 

Angioma  of  muscle. — Cavernous  angioma  has  been  met  with 
in  muscles,  chiefly  tlujse  of  the  limbs,  and  may  occur  also  in  the  deep 
planes  of  connective  tissue.  Fig.  72  shows  such  a  tumour,  removed  by 
C'hristojjher  Heath  from  the  temjDoral  fossa,  where  it  lay  beneath  the 
temporal  muscle.  In  view^  of  the  fact  that  the  tumour  occurred  in  an 
adult  who  had  only  been  aware  of  its  existence  for  a  comparatively 
short  time,  it  is  not  surprising  that  its  true  nature  was  not  suspected 
until  it  had  been  removed. 

Angioma  of  synovial  membrane. — Attention  has  been 
called  by  Eve  ti>  the  cceasidual  cccurrence  of  angiomatous  growths  in 
connexion  with  tlie  synovial  membrane  of  joints,  and  the  close  resem 
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blance  whicli  sucli  a  condition  may  bear  to  a  localized  tuberculosis.  A 
case  of  this  nature,  strikingly  similar  to  one  of  those  recorded  by  Eve, 
has  recently  come  under  our  observation.  The  tumour  formed  a  some- 
what ill-defined  mass  in  connexion  with  the  upper  and  outer  part 
of  the  left  knee-joint.  In  the  skin  over  it  was  a  scar,  marking  the 
site  of  an  operation  performed  several  years  previously,  the  nature  of 
which  was  not  known.  In  view  of  the  position  of  the  swelling  and 
its  soft  consistence,  it  was  regarded  as  a  localized  tuberculous  deposit 
in  the  synovial  membrane,  until  an  exploratory  incision  revealed  the 
presence  of  a  typical  spongy  angiomatous  growth  which  involved 
the  synovial  membrane  and  the  adjacent  part  of  the  vastus  externus 
muscle. 

Naevo-lipoma. — It  has  already  been  pointed  out  that  fat  is 
usually  present  in  the  tissue  between  the  vessels  of  an  angioma,  and 
occasionally  this  may  be  present  in  such  amount  that  the  tumour 
partakes  of  the  characters  of  a  lipoma  rather  than  an  angioma.  Indeed, 
a  fatty  tumour  in  a  child  often  proves  on  examination  to  be  a  nsevo- 
lipoma. 

The  same  combination  is  also  met  with  in  a  diffuse  form  in  certain 
cases  of  congenital  enlargement  of  a  limb.  In  some  cases  of  this  nature 
the  enlargement  is  hmited  to  the  soft  parts  and  is  caused  by  a  diffuse 
fatty  and  vascular  growth. 

Diagnosis  of  angiomas. — The  nature  of  a  cutaneous  angioma 
is  usually  obvious,  and  tlie  diagnosis  is  rarely  difficult  in  the  case  of  a 
subcutaneous  angioma  in  a  young  child.  It  may,  indeed,  be  laid  down 
as  a  useful  rule  that  in  discussing  the  nature  of  an  obscure  tumour 
in  a  child,  the  possibility  that  it  is  an  angioma  is  generally  deserving 
of  consideration.  On  the  other  hand,  an  angioma  first  observed  in 
adult  life,  and  situated  in  some  unusual  situation,  may  present  no 
features  by  which  its  true  nature  can  with  any  certainty  be  deter- 
mined. Mention  must  be  made  of  the  possibility  of  mistaking  a 
nsevus  of  the  scalp  situated  over  one  of  the  fontanelles,  or  at  the 
root  of  the  nose,  for  a  meningocele ;  whilst  the  not  uncommon 
presence  of  a  capillary  nsevus  in  the  skin  over  a  meningocele  may 
lead  to  the  more  serious  mistake  of  regarding  the  subcutaneous  tumour 
as  a  nsevus  also. 

Treatment. — In  a  young  child  a  small  cutaneous  nsevus  which 
is  not  increasing  may  be  left  untreated  in  the  hope  that  it  will  gradu- 
ally fade.  With  the  slightest  sign  of  increase,  especially  on  the 
face,  treatment  should  at  once  be  adopted.  In  situations  where  a 
linear  scar  is  of  no  importance,  excision  is  the  best  treatment,  but  in 
conspicuous  situations  the  nsevus  may  best  be  treated  by  multiple 
j^unctures  with  a  very  fine  galvano-cautery,  the  margin  being  especially 
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attacked.  Kecently  the  treatment  of  superficial  njevi  with  solid 
carbon  dioxide  has  been  tried  with  very  encouraging  results.  The 
small  spider  nsevus  of  the  face  is  best  destroyed  by  electrolysis,  the 
needle  being  introduced  into  the  small  central  spot.  Lewis  Jones 
recommends  for  this  pm'pose  the  use  of  a  zinc  needle  connected  with 
the  positive  electrode. 

Until  recently  all  attempts  to  deal  with  the  disfigurement  caused 
by  the  large  "  port-wine  stains  "  on  the  face  were  most  disappointing; 
At  the  present  day,  however,  very  encouraging  results  have  followed 
the  use  of  high-frequency  currents  for  this  condition.  X-rays 
and  radium  have  also  been  employed,  but  are  attended  with  the 
risk  of  subsecjuent  pigmentation  or  the  development  of  dilated 
vessels. 

N;evi  involving  both  skin  and  subcutaneous  tissvie  may  be  treated 
by  excision,  electrolysis,  or  the  galvano-cautery.  The  excision  of 
cavernous  angiomas  may  be  safely  j)6rformed,  provided  th;it  the 
incisions  be  kept  outside  the  capsule  of  the  tumour.  The  vessels 
then  divided  are  not  numerous  and  are  small  in  size,  whereas  if  the 
incision  accidentally  wounds  the  cavernous  tissue  the  ha?morrhage 
may  be  alarming. 

A  plexiform  angioma  may  sometimes  be  dealt  with  by  excision. 
When,  however,  the  condition  involves  a  large  area,  such  as  the 
temporal  region,  ligature  of  the  supplying  vessels  at  the  periphery  of 
the  tumour  has  seemed  to  yield  the  best  results. 

LYMPHANGIOMA 

Lymphangioma,  or  lymphatic  nsevus,  occurs  in  two  forms,  the 
capillary  and  the  cavernous,  which  differ  only  from  the  corresponding 
varieties  of  hsemangioma  in  the  nature  of  the  contents  of  the  vessels 
or  spaces.  Three  distinct  conditions  may  result  from  the  presence 
of  a  lymphangioma  :  (1)  Vesicles  on  a  cutaneous  or  mucous  surface  ; 
(2)  a  multilocular  cystic  tumour  or  cystic  hygroma  ;  (.3)  a  localized 
enlargement  of  the  affected  part  such  as  the  tongue  or  lip.  In  some 
instances  it  may  be  difficult  to  decide  whether  a  given  lymphatic 
dilatation  is  to  be  regarded  as  a  true  lymphangioma,  or  as  the  result 
of  a  lymphatic  obstruction.  Thus,  in  some  forms  of  obstruction, 
dilated  lymphatic  vessels  or  lymj^hangiectases  may  result ;  and  again, 
certain  forms  of  local  hypertrophy  or  elephantiasis  are  the  result 
of  a  chronic  lymphatic  obstruction  and  not  of  a  true  lymphangiomatous 
growth. 

Simple  capillary  lymphangiomas  of  the  skin  and  mucous  membranes 
are  very  rare.  In  the  conjunctiva  small  tumours  of  this  nature  are 
sometimes  present  in  the  form  of  rows  of  minute  clear  vesicles  hke 
tiny  pearls.    In  the  skin  a  similar  condition  has  been  described  in 
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the  form  of  groups  of  small  vesicles  from  wliicli  a  clear  fluid  escapes 
on  puncture. 

Cavernous  lymphangioma  is  represented  by  the  not  very  un- 
common cystic  tumour  met  with  in  the  neck  and  elsewhere,  and  often 
known  as  the  "  cystic  hygroma  "  (Fig.  74).  The  tumour  is  congenital, 
but,  like  other  forms  of  angioma,  often  increases  considerably  after 

birth.  It  forms  a  lob- 
ulated  mass,  often  of 
large  size,  and  covered 
with  normal  sldn, 
through  which  the 
lymph  -  containing 
cysts  appear  of  a 
bluish  colour.  It  con- 
sists of  a  mass  of  cysts 
of  varying  size  held 
together  by  connective 
tissue  containing  fat. 
The  varying  charac- 
ters of  these  tumours 
depend  upon  the  size 
of  the  cysts  and  the 
amount  of  solid  tissue 
present.  The  latter  is 
found  on  microscopic 
examination  to  be  in- 
tersected by  dilated 
and  cystic  lymphatics. 
Sometimes  one  or 
more  cysts  may  be  of 
such  a  size  as  to  form 
the  bulk  of  even  a 
large  tumour.  In  some 
cases  the  tumour  has 

a  mixed  structure,  being  partly  hfemangiomatous  and  partly  lymph- 
angiomatous.  The  limitation  of  these  cystic  tumours  is  usually  ill- 
defined,  and  the  lymphatic  growth  may  extend  among  the  muscles 
and  other  deep  structures.  This  fact  is  of  great  importance  in  con- 
sidering the  question  of  operation,  for,  although  excision  has  been 
successfully  practised,  it  is  hardly  likely  to  be  complete,  and  the 
operation  may  be  accompanied  by  very  fi'ee  bleeding. 

Hutchinson  was,  we  believe,  the  first  to  point  out  that  these  tumours 
are  liable  to  recurrent  attacks  of  inflammation.  During  these  attacks 
the  tumour  increases  in  size,  the  overlying  skin  becomes  reddened,  and 


Fig.  74.- 


-Cavernous  lymphangiomas  of  neck 
and  chest-wall. 


{T.  Sniitli^  Trans.  C/ln.  Si>c.,  1880,  zf(7/.  sin.) 
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a  well-marked  febrile  disturbance  occurs.  In  a  case  of  this  kind  which 
came  under  our  notice,  several  attacks  of  this  land  occurred,  and  in  one 
of  the  most  severe  of  these  a  medical  man,  who  was  unfamiliar  with 
the  condition,  was  narrowly  prevented  from  treating  the  case  as  one 
of  abscess  of  the  neck.  As  a  matter  of  fact,  the  inflammation  subsides 
without  suppuration  and  may  be  followed  by  considerable  shrinkage 
of  the  tumour.  The  causation  of  this  intermittent  inflammation  has 
been  studied  by  Riedel  and  Kiittner.  Among  1!)  cases  of  lymph- 
angioma observed  by  Kiittner  in  Bruns's  clinic,  inflammation  was 
noted  5  times — thrice  in  the  tongue,  once  in  the  lip,  and  once  in 
the  wall  of  the  thorax.  Kiittner  believes  the  inflammation  to  be  due 
to  an  infection  of  the  lymph  spaces  of  the  tumour  either  directly  from 
the  surface  or  by  way  of  the  lymphatics.  In  the  case  above  mentioned, 
one  at  least  of  the  attacks  of  inflammation  followed  the  occurrouce  of 
sore  throat. 

Lymphangioma  of  the  tongue  may  occur  as  a  localized 
patch  in  which  the  papilke  are  enlarged,  and  may  be  transformed 
into  small  vesicles  as  the  result  of  dilatation  of  the  lymphatic  vessels. 
The  more  important  variety  is  the  diffuse  form,  which  is  the  most 
common  cause  of  congenital  eulaigement  of  the  tongue  or  inacro- 
(jlossia.  The  enlargement,  although  usually  noticeable  at  or  soon 
after  birth,  may  gradually  increase  until  a  considerable  part  of  the 
organ  hangs  from  tlie  mouth.  The  surface  is  usually  irregularly 
fissured  and  tlie  papilla?  are  enlarged  (Fig.  75).  From  constant  irri- 
tation the  condition  is  likely  to  be  modified  by  inflammation. 

Microscopic  examination  reveals  the  presence  of  dilated  and  cystic 
lympliatics  in  the  mucous  membranes,  submucous  tissue,  and  muscular 
substance  :  and  Butlin  refers  to  several  recorded  cases  in  which  this 
variety  of  macroglossia  was  associated  with  other  forms  of  lymph- 
angioma, as,  for  instance,  in  the  neck  and  floor  of  the  moutli. 

Treatment  of  lymphangioma.  —  A  lymphangioma  of 
moderate  size  may  lie  tre;itiMl  liy  rxcision.  The  difflciflt}'  of  treating 
in  this  way  the  large  cystic  lymphangiomas  of  the  neck  has  already 
been  mentioned,  and  in  considering  the  question  of  operation  the 
tendency  of  these  tumours  eventually  to  shrink  must  be  taken  into 
account.  Lymphangiomatous  macroglossia  has  often  been  success- 
fully treated  by  excising  a  wedge-shajied  ]iortion  of  the  front  of  the 
tongue. 

ENDOTHELIOMA 

An  endothelioma  is  a  tumour  tlie  essential  elements  of  which  are 
endothelial  cells  lying  in  a  connective-tissue  stroma. 

Endothelia  are  met  with  in  the  blood-  and  lymph-vessels  and  spaces, 
and  covering  the  surface  of  serous  membranes,  and  it  is  in  such 
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endothelial  cells  tliat  the  endotheliomas  are  believed  to  arise.  A 
special  variety  of  endothelioma  is  that  which  originates  in  the  endo- 
thelial cells  of  the  perivascular  space  or  adventitia  of  small  blood- 
vessels.   To  this  variety  the  name  perithelioma  is  applied. 

In  connexion  Avith  tumours  of  an  endothelial  structure,  a  difficulty 
arises  in  the  fact  that  while  some  of  them  present  the  characters  of 


Fig.  75. — Congenital  macroglossia,  the  result  of  diffuse  lymphan- 
gioma. The  surface  of  the  tongue  is  deeply  furrowed  and 
presents  enlarged  cystic  papillse, 

benign  growths,  others  assume  evidences  of  malignancy  and  have 
the  characters  of  a  sarcoma.  Tumours  of  the  latter  group  will  be 
found  described  among  the  malignant  growths  as  "  endothelial  sar- 
comas "  (p.  485). 

Microscopic  structure. — In  the  most  common  form  of  endo- 
thelioma the  striking  histological  feature  is  the  presence  of  spaces 
lying  in  a  connective  stroma  and  lined  or  filled  with  cells.  The  cells 
lie  in  actual  contact  one  with  another,  and  whilst  in  some  spaces  they 
form  a  single  layer  and  are  flattened  in  shape,  in  others  the  cells  are 
spheroidal  or  polygonal,  and  partially  or  completely  fill  the  lumen. 
The  spaces  may  thus  closely  resemble  in  section  an  embryonic  vessel. 
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being  merely  tubular  clefts  surrounded  by  flattened  cells  (Fig.  76), 
whilst  if  the  lining  cells  assume  a  spheroidal  or  polygonal  form  the 
resemblance  to  a  glandular  structure  may  be  very  close  (Fig.  77)  ;  and 
it  is  interesting  to  note  that  certain  tumours,  such  as  those  of  the 
sahvary  glands,  wliich  are  now  generally  regarded  as  endotheliomas, 
were  at  one  time  described  as  adenomas.  By  a  further  prolifera- 
tion of  the  cells  a  plexiform  arrangement  of  threads  of  cells  may 
be  produced  (Fig.  78),  or  large  irregular  cell-masses  may  result,  in 


Fig.  76. — Microscopic  section  of  endothelioma  (parotid  tumour). 

the  centre  of  which  the  lumen  persists  merely  in  the  form  of  a  slit- 
like cleft.  Lastly,  the  cell  growth  may  result  in  the  formation  of 
solid  cell  masses  and  strands  in  which  all  evidence  of  a  central  lumen 
is  lost,  and  in  which  the  true  nature  of  the  tumour  is  only  evidenced 
by  the  continuity  that  can  be  traced  between  the  solid  cell  masses 
and  others  in  which  a  lumen  is  present  (Fig.  79). 

In  the  variety  of  endothelioma  known  as  perithelioma  the  cell 
masses  may  in  parts  be  seen  to  be  definitely  related  to  vessels,  around 
which  they  are  radially  arranged,  and  from  these  cell  masses  slender, 
solid  columns  or  threads  of  cells  may  extend  into  and  form  a  network 
in  the  surrounding  connective  tissue. 

The  stroma  of  endotheliomas  varies  much  in  both  character  and 
amount.    It  may  be  composed  of  dense  fibrous  tissue,  or  of  soft,  riclily 
2b 


Fig.  77. — Microscopic  section  of  endothelioma  (parotid  tumour). 
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Fig.  78. — Microscopic  section  of  endothelioma  (parotid  tumour). 
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cellular  tissue,  but  in  some  tumours  it  is  largely  myxomatous  or 
hyaline  (Fig.  78). 

From  the  above  short  description  of  the  chief  histological  features 
of  an  endothelioma  it  will  readily  be  understood  that  the  resemblance 
to  other  forms  of  new  growth  may  be  very  close.  Thus,  in  some 
tumours  of  this  class  the  structure  is  closely  allied  to  that  of  an 
angioma  ;  in  others  the  appearances  may  be  confused  with  those 
of  an  eijitlielial  tumour ;   whilst  in  yet  another  form  the  cell  pro- 


Fig.  79. — Microscopic  section  of  endothelioma  of  ovary. 

{From  a  case  under  tllc  care  of  Dr.  Herbert  Spencer.) 


liferation  may  be  so  marked  as  to  produce  a  structure  difficult  to 
distinguish  from  that  of  an  undifierentiated  sarcoma. 

General  characters. — Endotliclioma  may  conveniently  be 
studied  in  the  tumour  which  is  commonly  known  as  the  "  farotid 
tumour.''''  Although  occurring  most  commonly  in  the  parotid  region, 
tumours  of  essentially  the  same  nature  are  met  with  in  the  sub- 
maxillary region,  lip,  palate,  and  orbit.  The  endotheliomas  of  this 
group  frequently  contain  hyaline  cartilage  in  the  stroma,  a  feature 
which  may  be  so  marked  as  to  justify  the  name  "  chondro-endo- 
thelioma  "  (Fig.  80).  The  presence  of  cartilage  is  probably  explained 
by  the  derivation  of  the  tumours  from  tlie  indifferent  mesoderm  from 
which  the  branchial  arches  are  developed. 
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An  endothelioma  of  the  parotid  region  generally  presents  itself  as 
a  circumscribed,  lobulated,  slowly  growing  tumour,  which  usually 
lies  superficially  to  some  part  of  the  parotid  gland,  often  immediately 
below  the  lobule  of  the  ear.  The  tumour  may  reach  a  very  large 
size  without  showing  any  evidence  of  malignancy  (Fig.  81).  On 
section  the  tumour  varies  much  in  appearance,  according  to  the 
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Fig.  80. — Microscopic  section  of  chondro-endothelioma  of 
lower  lip. 

relative  proportions  of  the  different  tissue  elements  composing  it.  It 
may  be  firm  and  fibrous,  soft  and  fleshy,  gelatinous,  or,  if  cartilage 
is  abundant,  bluish-grey  and  semitranslucent,  like  a  pure  chondroma. 
Examined  microscopically,  a  parotid  timiour  presents  the  varieties 
of  structure  above  described,  and  very  frequently  the  resemblance 
to  a  secreting  gland  is  so  close  that,  as  already  stated,  the  tumour 
was  formerly  considered  to  be  an  adenoma. 

Tumours  in  all  respects  similar  to  the  parotid  tumours  are 
occasionally  met  with  in  the  submaxillary  region.    The  tumour  of 
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the  lip,  from  wliicli  the  section  illustrated  in  Fig.  80  was  made,  was 
removed  by  Liston.  It  was  of  ten  years'  growth,  and  formed  a 
rounded  circumscribed  tumour,  12  mm.  in  diameter,  embedded  in 
the  substance  of  the  lip. 

Similar  encapsuled  tumours  are  also  occasionally  found  in  the 
palate.  In  a  case  recorded  by 
Christopher  Heath,  a  tumour  of 
this  nature  was  removed  from  a 
woman  aged  48,  in  whom  it  had 
existed  since  childhood. 

In  1888,  Hutchinson  described 
a  peculiar  form  of  "  potato- 
like "  tumour  which  he  had  ob- 
served in  several  cases  in  the 
upper  part  of  the  neck  beneath 
the  sterno-mastoid.  A  few  years 
later,  Marchand  called  attention 
to  certain  tumours  of  endothelio- 
matous  nature  that  appeared  to 
originate  from  the  carotid  body, 
which  is  known  to  be  of  a  vas- 
cular and  not  a  glandular  struc- 
ture. Hastings  Gifford  found 
that  a  tumour  of  the  kind  de- 
scribed by  Hutchinson  was  of  a 
like  structure  (Fig.  82),  and  sug- 
gested that  it  was  identical  with 
the  tumours  of  the  carotid  body 
studied  by  Marchand. 

The  endotheliomas  of  the  pa- 
rotid and  neighbouring  regions, 
although  they  may  pursue  an  ab- 
solutely benign  course  extending 

over  many  years,  may  eventually  extend  into  the  surrounding  tissues 
and  exhibit  very  marked  evidences  of  local  malignancy.  Such  an 
altered  mode  of  growth  may  be  considered  to  result  from  the  trans- 
formation of  a  simple  endothelioma  into  an  endothelial  sarcoma. 

Endothelioma  of  the  meninges  of  the  brain  and  spinal  cord  is 
represented  by  the  tumour  to  which  Virchow  applied  the  name 
fsammoma,  or  sand  tumour.  The  name  was  suggested  by  the  peculiar 
gritty  surface  sometimes  presented  by  a  section  of  the  growth  and 
due  to  small  calcareous  deposits.  Microscopic  examination  shows  that 
the  calcareous  deposit  occurs  in  certain  peculiar  nest-like  collections 
of  endothelial  cells  (psammoma  bodies),  which  mav  be  so  marked  as 


Fig.  81.- 


-Endothelioma  of  parotid 
region. 

{Front  a  case  at  University  Collci^r  Ilosfiitttl.) 
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closely  to  resemble  the  cell  nests  whicli  occur  in  squanaous  carcinomas. 
Psammomas  are  usually  of  small  size,  and  may  be  single  or  multiple. 
They  &XCj  clS  cl  rule,  unproductive  of  symptoms,  but  occasionally, 
especially  in  the  spinal  cord,  they  cause  pressure  effects,  and  have 
been  removed  by  operation.  In  the  brain  they  are  most  common 
in  the  neighbourhood  of  the  flocculus. 

Endotheliomas  are  also  described  in  the  tongue,  uterus,  testicle 
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Fig.  82.- — Microscopic  section  of  endothelioma  of  neck. 

{Nt'iv  SydcuJtain  Society's  Atlas,  _/asc.  .wiii.) 

and  ovary,  but  many  tumours  in  these  and  other  situations,  such  as 
the  bones,  should  be  regarded  rather  as  endothelial  sarcomas. 


LYMPHOMA 

The  name  lymphoma  was  formerly  understood  to  indicate  a 
tumour  composed  of  lymphoid  tissue.  Increasing  knowledge  of  the 
group  of  diseases  in  which  various  forms  of  overgrowth  affect  the 
lymphatic  glands  and  other  parts  in  which  lymphoid  tissue  is  normally 
present  seems  clearly  to  show  that  such  overgrowths  can  no  longer 
be  regarded  as  true  tumour  formations,  but  rather  as  hyperplasias, 
or  in  some  cases  as  granulomas,  probably  infective  in  nature.  It  is 
indeed  doubtful  whether  a  true  lymphoma,  as  formerly  defined,  really 
exists.  From  the  clinical  side,  however,  this  subject  is  one  presenting 
considerable  difficulty,  by  reason  of  the  fact  that  such  a  glandular 
overgrowth,  when  strictly  limited  to  one  particular  site,  may  present 
many  of  the  features  of  a  true  tumour,  and  also  because  the  super- 
vention of  malignant  growths  of  a  sarcomatous  type  upon  a  glandular 
hyperplasia  is  occasionally  observed.    It  not  uncommonly  happens 
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that  the  surgeon  meets  with  a  case  iu  which  a  well-marked  tumour 
in  such  a  situation  as  the  neck  or  axilla  evidently  consists  of  an 
enlarged  lymphatic  gland  or  group  of  glands,  which  are  not  tuber- 
culous. On  examination,  the  individual  enlarged  glands  are  found 
to  be  distinct  one  from  another,  and  not  adherent  to  the  surrounding 
tissues.  The  glands  may  be  hard  or  soft,  and  on  section  present 
usually  a  homogeneous  substance  of  a  jjinkish  colour,  sometimes 
marked  with  paler  areas,  small  yellow  spots,  or  lisemorrhages.  Such 
a  localized  glandular  enlargement  may  be  a  manifestation  of  diseases 
of  the  leuksemic  type  (true  and  pseudo-leukaemia)  or  of  lymph- 
adenoma  (Hodgkin's  disease). 

If  the  glandular  enlargement  is  a  manifestation  of  true  leukcemia, 
the  nature  of  the  disease  can  be  recognized  by  the  characteristic 
blood  changes — increase  of  lymphocytes  or  the  presence  of  myelocytes 
— enlargement  of  the  spleen,  and  other  symptoms.  In  leukaemia, 
except  in  the  very  earliest  stages,  the  glandular  enlargement  is  unlikely 
to  be  limited  to  one  region.  Examined  microscopically,  the  glands 
in  the  lymphatic  type  of  leukaemia  present  a  uniform  hy23erplasia  of 
the  lymphoid  tissue  which  obscures  the  normal  structure  of  the  gland, 
whilst  in  the  myelogenous  type  the  normal  lymphoid  tissue  is  to  a 
large  extent  replaced  by  cells  having  the  form  of  myelocytes. 

In  pseudo-leukcemia  the  condition  diiiers  only  in  the  absence  of 
the  characteristic  blood  changes,  but  the  glands  usually  present  the 
structure  characterizing  the  lymphatic  type. 

In  lymphadenoma,  or  Hodgkin's  disease,  the  glandular 
enlargement  m  i  v  reach  a  large  size  while  still  confined  to  one  region, 
but  sooner  or  later  the  enlargement  tends  to  become  generalized.  The 
enlarged  glands  present  naked-eye  appearances  similar  to  those  above 
described,  but  small  yellow  areas  of  fatty  degeneration  are  not  un- 
common, and  the  consistence  varies  sufficiently  to  justify  the  recogni- 
tion of  the  hard  and  soft  forms  of  lymphadenoma.  Examined  micro- 
scopically, the  lymphadenomatous  gland  shows  changes  which  at  once 
prove  that  the  enlargement  is  not  the  result  of  a  simple  hypertrophy. 
The  lymphoid  tissue  is  diminished  in  amount,  and  largely  replaced  by  a 
peculiar  form  of  granulomatous  tissue,  the  cells  of  which  are  probably 
to  a  large  extent  derived  from  the  endothelial  cells  of  the  reticulum  of 
the  gland.  The  varying  degree  of  hyperplasia  of  the  fibrous  reticulum 
chiefly  explains,  according  to  Andrewes,  the  difference  between  the  hard 
and  soft  forms  of  the  disease.  Among  the  cells  of  the  new  tissue  a  vary- 
ing number  are  often  seen  which  are  large,  rounded,  and  multinucleated. 
These  changes  tend  to  spread  diffusely  through  the  gland,  and  the 
normal  distinction  between  cortex  and  medulla  is  lost.  The  presence 
of  multinucleated  cells  in  lymphadenoma  may  cause  a  histological 
resemblance  to  some  forms  of  tuberculosis  of  the  lymphatic  glands, 


424 


TUMOURS 


but  the  evidence  strongly  supports  the  view  that  the  diseases,  although 
perhaps  sometimes  associated,  are  essentially  distinct.  Naked-eye 
examination  alone,  however,  may  be  insufficient  to  distinguish  them. 
In  the  ordinary  form  of  tuberculosis  no  doubt  can  exist,  and  the 
presence  of  separate  caseating  deposits  is  quite  characteristic  ;  but, 
as  Sternberg  has  shown,  there  is  a  form  of  tuberculosis  in  which  the 
gland  closely  resembles  lymphadenoma,  but  in  which  typical  tubercle 
systems  can  be  demonstrated.  Although  the  cause  of  lymphadenoma 
is  still  unknown,  the  disease  must  be  regarded  as  a  form  of  granuloma 
and  not  as  a  true  tumour. 

Before  leaving  this  subject  it  may  be  pointed  out  that  a  chronically 
enlarged  gland  may,  on  removal,  present  none  of  the  histological 
features  of  tuberculosis,  nor  show  any  of  the  special  forms  of  enlarge- 
ment above  described,  but  merely  those  of  a  diffuse  hyperplasia  with 
induration.  Such  a  condition  probably  results  from  some  persistent 
but  unrecognized  source  of  irritation  in  the  corresponding  lymphatic 
area. 

The  name  chloroma  has  been  applied  to  certain  tumour-like 
deposits  of  a  peculiar  greenish  colour  which  have  been  found  in  asso- 
ciation with  blood  changes  and  other  phenomena  resembling  those  met 
with  in  acute  leukaemia.  The  deposits  have  been  met  with  chiefly 
in  connexion  with  the  periosteum  of  the  orbits,  jaws,  and  other  parts 
of  the  skull,  as  well  as  in  the  lymphatic  glands,  the  liver,  spleen,  and 
other  viscera,  and  in  the  bones.  The  cells  composing  the  deposits 
are  chiefly  large  lymphocytes,  and  there  is  little  doubt  that  the  con- 
dition is  an  unusual  manifestation  of  acute  leukaemia,  although  the 
nature  of  the  green  coloration  is  uncertain: 

MYOMA 

A  myoma  is  a  tumour  composed  of  striped  (rhabdo-myoma)  or 
u  nstriped  (leio-myoma)  muscle-fibres. 

EHABDO-MYOMA 

A  tumour  composed  entirely  of  transversely  striated  muscular 
tissue  has  not  yet  been  described,  and  it  is  probable,  as  suggested 
by  Bland-Sutton,  that  certain  elongated  and  transversely  striated 
cells  occasionally  seen  in  spindle-celled  sarcomas  are  not  really  muscle 
fibres.  Striated  muscle-fibres  are,  however,  sometimes  present  in 
certain  mixed  tumours  of  the  kidney  and  the  testicle,  occurring  in 
early  life. 

Shattock  has  recently  drawn  attention  to  four  specimens  of 
polypoid  tumours  of  the  lower  part  of  the  bladder,  in  all  of  which 
striped  muscle-fibres  are  present.    Three  of  the  specimens  are  in  the 
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Museum  of  the  Eoyal  College  of  Surgeons,  and  one  in  the  Museum 
of  St.  Thomas's  Hospital.  In  three  the  bladder  is  that  of  a  young 
child,  and  in  all  it  is  probable  that  the  tumour  was  congenital. 
Shattock  suggests  that  such  a  tumour,  occurring  in  a  position  where 
voluntary  muscle  is  not  normally  present,  is  the  result  of  displace- 
ment or  heterotopia,  and  develops  from  cells  concerned  in  the  forma- 
tion of  the  external  sphincter  of  Henle,  which  have  abnormally 
extended  or  have  been  displaced  into  the  subepithelial  tissue  of  the 
bladder. 

LEIO-MYOMA 

Tumours  composed  of  unstriped  muscular  fibres  mixed  with  a 
varying  projDortion  of  fibrous  tissue  (fibro-myoma)  are  chiefiy  met 
with  in  the  uterus,  but  occasionally  occur  in  the  wall  of  the  alimentary 
canal  and  in  the  skin. 

Examined  microscopically,  the  muscle-cells  are  slender,  elongated 
and  fusiform,  and  the  nuclei  are  rod-shaped  and  often  sinuous.  The 
muscle-cells  are  arranged  in  fasciculi  which  intersect  in  various  direc- 
tions, and  when  the  cells  are  seen  in  transverse  section  they  appear  as 
rounded  or  polygonal  clear  areas,  in  the  centre  of  many  of  which  the 
nucleus  is  seen  as  a  dark  spot.  Between  the  muscle-cells  is  a  vari- 
able, but  usually  small,  amount  of  fibrillated  connective  tissue,  which 
becomes  evident  in  a  section  stained  by  van  Gieson's  method,  the 
muscle-cells  staining  yellow  with  picric  acid,  and  the  fibrous  tissue 
red  with  fuchsin.  In  some  fibro-myomas,  especially  young  tumours, 
it  may  be  difficult  to  distinguish  the  cells  from  those  of  a  spindle-celled 
sarcoma,  but  usually  the  latter  are  less  uniform  in  shape  and  size, 
and  arranged  in  less  regular  fasciculi. 

Fibro-myoma  of  the  uterus.- — Fibro-myomas  or  "  fibroids  " 
of  the  uterus  are  extremely  common,  and  may  be  single  or  multiple. 
According  to  their  position,  the  tumours  may  be  su.bserous,  intramiiral, 
or  submucous  ;  they  are  usually  rounded  in  shape  and  lobulated  on  the 
surface,  and  may  reach  such  an  enormous  size  as  to  constitute  some  of 
the  largest  tumours  met  with  in  the  human  body.  The  submucous 
variety  frequently  assumes  a  polypoid  form,  and  the  subserous  tumours 
are  also  often  pedunculated.  On  section,  a  fibro-myoma  of  the  uterus 
presents  an  appearance  closely  resembling  that  of  a  fibroma,  the  cut 
surface  being  marked  by  whorls  and  intersecting  tracts  of  a  glistening 
white  colour  (Fig.  83).  Except  when  small,  the  tumour  possesses 
a  distinct  fibrous  capsule,  and  can  be  readily  enucleated.  On  the 
cut^  surface  of  the  tumour  are  often  seen  a  few  large  veins,  the  walls 
of  which  cannot  collapse  on  account  of  their  intimate  connexion  with 
the  tumour  substance.  These  veins  are  frequently  connected  with  an 
abundant  plexus  on  the  surface  of  the  uterus,  which  may  be  a  source 


Fig.  84. — Microscopic  section  of  fibro-myoma  of  uterus,  showing 
hyaline  degeneration. 
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of  free  lisemorrliage  during  operation.  Uterine  myomas  often  undergo 
atropliy  after  the  menopause  and  after  the  removal  of  the  ovaries. 

Modiiications  of  the  structure. — Among  the  most  important  de- 
generations to  which  myomas  of  the  uterus  are  liable  are  the  so- 
called  hyaline,  the  mucoid  and  calcareous,  and  "  red  degeneration  " — 
a  condition  of  no  practical  significance,  in  which  the  tumour  substance 
lias  a  dark-red  colour,  probably  due  to  imbibition  of  blood-colouring 
matter.    In  the  hyaline  degeneration,  the  change  affects  the  fibrous 


Fig.  85. — Submucous  fibro-myoma  of  oesophagus. 

tissue,  which  becomes  swollen  and  homogeneous  in  appearance,  and 
there  may  be  wide  separation  of  the  fasciculi  of  muscle-cells,  without 
producing  any  great  change  in  the  naked-eye  characters  of  the  tumours 
(Fig.  84).  Mucoid  degeneration  is  very  common  in  scattered  areas 
of  these  tumours,  but  may  advance  to  such  a  degree  as  to  result 
in  extensive  cystic  formations  ("  fibro-cystic  tumours  ").  Calcareous 
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deposits  may  be  limited  to  parts  of  the  tumour,  or  may  be  so  exten- 
sive that  the  tumour  is  almost  entirely  converted  into  a  stony  mass. 

Among  other  changes  to  which  these  uterine  tumours  are  liable 
may  be  mentioned  suppuration  and,  in  the  case  of  submucous  myoma, 
sloughing  and  gangrene.  Subserous  tumours  occasionally  become 
hsemorrhagic  as  the  result  of  torsion  of  the  pedicle.  Finally,  it  is  an 
important  fact  that  a  fibro- myoma  of  the  uterus  may  undergo  a  sar- 
comatous transformation.  This  may  occur  without,  in  the  early  stages, 
any  striking  change  in  the  gross  features  of  the  tumour,  but  later 
the  affected  part  presents  a  homogeneous  and  wax-like  appearance. 

Fibro-myoma  of  the  alimentary  canal. — Fibro-myomas 
of  the  alimentary  tract  may  project  beneath  the  mucous  membrane, 
or  serous  coat.  In  Fig.  85  is  illustrated  a  large  submucous  fibro- 
myoma  of  the  oesophagus,  which  had  occasioned  such  extensive 
pressure  necrosis  of  the  oesophageal  wall  as  to  lay  bare  some  of  the 
cartilaginous  rings  of  the  trachea.  The  tumour  had  caused  dys- 
phagia, which  was  thought  to  be  the  result  of  malignant  disease  of 
the  oesophagus,  and  for  which  gastrostomy  was  performed. 

Numerous  cases  of  fibro-myoma  of  the  stomach  are  on  record,  in 
several  of  which  the  tumour,  even  though  of  small  size,  occasioned 
pyloric  obstruction.  Small,  simple  polypi  of  the  intestine  may  belong 
to  this  class  of  tumours,  and  are  of  clinical  importance  chiefly  as  an 
occasional  cause  of  intussusception. 

NEUROMA 

A  neuroma  is  a  tumour  composed  of  nerve  tissue,  and,  as  such, 
is  of  extreme  rarity.    It  has  already  been  pointed  out  that  the  name 


Fig.  86. — Microscopic  section  of  ganglionic  neuroma. 

iFjoni  K)inuss's  cast',  Virchoius  Arch.,  vol.  cliii.,  189?,) 
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"  neuroma "  has  been  extended  to  tumours  on  nerves,  instead  of 
being  reserved  for  tiisoe  tumours  of  which  nerve  tissue  forms  an 
essential  feature.  Alexis  Thomson,  in  1900,  was  able  to  collect  five 
authenticated  cases  of  true  neuroma,  and  all  the  tumours  contained 
ganglion  cells  as  well  as  medullated  and 
non-medullated  nerve  fibres.  The  view 
that  these  tumours  originated  in  the  sym- 
pathetic system  is  supjjorted  by  the  pre- 
sence of  large  unipolar  nerve-cells,  the 
predominance  of  non-medullated  fibres, 
and  the  delicate  structure  of  these  fibres 
(Fig.  86). 

In  Knauss's  case,  a  girl  aged  8,  mul- 
tiple subcutaneous  tumours,  varying  in  size 
from  a  pea  to  a  small  orange,  were  present 
on  the  trunk  and  thighs,  and  were  thought 
to  be  lipomas  (Fig.  87).  (Some  were  re- 
moved, and  on  section  presented  a  homo- 
geneous, light-yellow,  transi^arent  appear- 
ance, with  white  fibrous  streaks  running 
irregularly  through  their  substance.  From  |, 
the  structure  of  the  tumours,  as  described  •  ^ 
above,  and  their  connexion  with  blood- 
vessels, Knauss  came  to  the  conclusion  that 
they  originated  in  the  minute  ganglia  in 
the  sympathetic  fibres  accompanying  the 
blood-  and  lymph-vessels.  Of  the  remaining 
four  cases  of  true  neuroma  collected  bv 
Alexis  Thomson,  one  formed  a  large  difiuse 
tumour  of  the  left  dorso-limibar  sympa- 
thetic cord  (Busse)  ;  one  was  a  tumour  as 
large  as  a  man's  fist  lying  between  the  left 
kidney  and  suprarenal  capsule,  and  believed 
to  have  arisen  in  the  suprarenal  sympa- 
thetic plexus  (M.  B.  Schmidt)  ;   one  formed 


a  tumour  as  large  as  an  egg  connected  with 


Fig. 


87.— Multiple 
neuromas. 


cliii.,  iSyS.) 


the  left  dorsal  sympathetic  cord  (Loretz)  ; 
and  in  the  fifth  case  the  tumour,  wliicli  was 
as  large  as  a  plum,  was  situated  on  the  left 
ala  of  the  nose — it  was  eucapsided,  soft,  and  greyish-red  in  colour 
(Axel  Key). 

The  bulbous  enlargements  wliich  form  on  the  ends  of  nerves  that 
have  been  accidentally  wounded  in  tlieir  continuity  or  divided  in 
amputation  are  sometimes  spoken  of  as  "division"  or  "amputation 
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neuromas."  A  certain  degree  of  bulbous  enlargement  may  in  these- 
circumstances  be  regarded  as  normal,  and  even  when  the  bulb  reaches 
an  excessive  size  it  cannot  justly  be  viewed  as  a  tumour. 

A  section  through  the  bulbous  end  of  a  divided  nerve  shows  micro- 
scopically bundles  of  newly  formed  nerves  irregularly  arranged  and 
lying  in  a  stroma  of  fibrous  tissue.  The  formation  of  nerve-fibres 
must  be  regarded  as  evidence  of  a  disturbed  attempt  at  repair. 

ADENOMA 

An  adenoma  is  a  simple  tumour  corresponding  in  its  structure 
more  or  less  closely  with  that  of  a  secreting  gland,  and  consisting  of 
epithelium-lined  spaces  lying  in  a  connective-tissue  stroma.  The 
histological  and  naked-eye  characters  of  an  adenoma  are  necessarily 
dependent  upon  those  of  the  part  in  connexion  with  which  it  arises, 
and  thus  a  separate  description  of  the  several  types  is  necessary. 

Before,  however,  proceeding  to  this,  it  is  necessary  to  point  out  that 
some  confusion  has  arisen  from  the  application  of  the  term  "  adenoma  " 
to  various  glandular  hyperplasias  which  do  not  partake  of  the  nature 
of  true  tumours.  For  instance,  in  the  chronic  inflammatory  hyper- 
plasia sometimes  affecting  the  integument  of  the  nose  (rhinophyma), 
the  large  sebaceous  glands  of  the  part  form  such  a  predominant  histo- 
logical feature  that  the  condition  has  sometimes  been  termed  a 
sebaceous  adenoma,  although  it  possesses  none  of  the  characters  of 
a  tumour  formation.  Again,  in  certain  chronic  inflammations  of 
the  gastric  and  intestinal  mucous  membrane,  localized  glandular  over- 
growths are  not  uncommon  and  are  sometimes  wrongly  regarded  as 
adenomas.  Further,  in  the  chronic  enlargement  of  the  prostate  a 
number  of  closely  packed  glandular  masses  are  frequently  present, 
but  in  view  of  the  fact  that  there  is  strong  evidence  for  regarding  the 
enlargement  as  inflammatory  and  not  a  tumour  formation,  these 
glandular  deposits  should  not  be  termed  adenomas. 

Considerable  difficulty  is  sometimes  encountered  in  endeavouring 
to  decide  whether  a  tumour  is  of  the  simple  glandular  (adenoma) 
or  malignant  glandular  (carcinoma)  type.  This  difficulty  arises  from 
the  fact  that  in  their  histological  structure  certain  carcinomas  retain 
in  a  striking  degree  a  close  resemblance  to  the  gland  in  which 
they  arise,  as,  for  instance,  in  certain  malignant  tumours  of  the 
thyroid.  The  distinction  must  be  based  not  only  on  the  histological 
structure,  but  also  on  the  relations  of  the  tumour  elements  to 
the  surrounding  tissues.  For  instance,  many  carcinomas  of  the 
large  intestine  consist  of  spaces  lined  with  a  very  regular  layer 
of  columnar  epithelium,  closely  reproducing  the  structure  of  the 
normal  intestinal  glands.    The  adenomas  of  the  intestine  present 
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similar  epithelium-lined  spaces,  but  the  two  classes  of  tumour  differ 
essentially  in  their  relations  to  the  surrounding  tissues.  The  gland- 
like structures  of  the  carcinoma  extend  to  the  deeper  parts  of  the 
intestinal  wall,  and  are  found  invading  the  muscular  coat,  whereas  in 
the  adenoma  the  epithelium-lined  spaces  are  confined  to  the  nuicous 
membrane  in  the  normal  situation  of  the  glands. 

Adenoma  of  the  breast. — Adenoma,  the  common,  simple 
tumour  of  the  mammary  gland,  is  of  several  varieties,  the  differences 
arising  from  modifications  of  the  glandular  spaces  or  connective-tissue 
stroma.  A  constant  feature  is  the  presence  of  a  perfect  capsule  sur- 
rounding the  tumour  and  rendering  it  capable  of  removal  by  enuclea- 
tion. The  breast  itself  either  remains  in  a  perfectly  normal  state,  or, 
if  the  tumour  is  large,  is  displaced,  and  may  become  flattened  out  over 
its  adjacent  surface.  In  the  large  majority  of  cases  the  tumour  lies  on 
the  surface  or  at  the  margin  of  the  breast,  to  which  it  has  only  very 
loose  connexions,  suggesting  that  it  has  arisen  in  a  small  outlying  frag- 
ment of  glandular  tissue  which  has  failed  to  become  connected  with  the 
general  glandular  ajDparatus.  In  rare  instances  a  typical  adenoma 
is  embedded  in  the  breast  tissue,  and  occasionally  the  solid  growths 
projecting  into  certain  glandular  cysts  of  the  breast  present  a  similar 
structure.  The  perfect  encapsulation  of  an  adenoma  explains  the 
considerable  degree  of  mobility  beneath  the  skin,  and  independently 
of  the  breast,  which  is  often  its  most  striking  clinical  feature. 

Adenomas  of  the  breast  are  most  common  in  young  women  between 
the  ages  of  20  and  30,  and  are  occasionally  multiple.  The  following 
varieties  deserve  separate  consideration  : —  \i 

1.  Pure  adenoma,  in  which  the  structure  closely  resembles  that 

of  the  normal  gland,  except  that  no  large  ducts  are  present 
and  the  stroma  is  devoid  of  fat. 

2.  Hard  fibro-adenoma,  in  which  the  stroma  is  relatively  abundant 

and  consists  of  dense  fibrous  tissue. 

3.  Soft  fibro-adenoma,  in  which  the  stroma  is  also  almndant,  but 

consists  of  richly  cellular  connective  tissue. 

4.  Cystic  adenoma,  in  which  the  glandular  spaces  become  trans- 

formed into  cysts  of  varying  size,  and  often  occupied  by 
intra  cystic  growths. 

1.  The  pure  form  of  adenoma  is  very  rare.  A  specimen  in 
University  College  Hospital  Museum  was  removed  by  Quain  from 
a  woman  aged  26,  and  weighed  4  lb.  In  section  the  tumour  closely 
resembles  the  pancreas  in  its  naked-eye  apjDearance,  and  the  micro- 
scopic structure  is  like  that  of  the  normal  breast,  except  that  no  large 
ducts  are  present  and  the  fibrous  stroma  is  free  from  fat. 

2.  The  hard  fibro-adenoma,  on  the  other  hand,  is  very  common. 
To  the  naked  eye  the  tumour  usually  presents  the  appearance  of  a 
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Fig. 


. — Microscopic  section  of  hard  fibro-adenoma 
of  breast. 


lobulated  fibrous 
growtli  of  an 
opaque  white  co- 
lour, altliougli,  by 
examination  of 
the  cut  surface 
with  a  lens,  fine 
cleft  -  like  spaces 
may  often  be  de- 
tected in  it.  Ex- 
amined micro- 
scopically, the 
tumour  consists  of 
epithelium  -  lined 
spaces  widely  se- 
j)arated  by  a 
dense  fibrous 
stroma  which  is 
often  arranged 
more  or  less  con- 
centrically around 
them.  The  spaces 
may  resemble 
isolated  acini  or 
groups  of  acini 
communicatingby 
small  ducts  (Figs. 
88  and  89),  or 
they  may  be 
transformed  into 
small  cysts  (Fig. 

90)  or  narrow,  ir- 
regularly branch- 
ing   clefts  (Fig. 

91)  .  The  spaces 
are  lined  with 
epithelium  of  a 
polygonal  or  cu- 
bical shape. 

3.  The    soft  ■ 
fibro  -  adenoma 
differs   from  the 

Fig.  89.— Microscopic  section  of  hard  fibro-adenoma  ^^^^  variety  only 
of  breast.  in  the  character 
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of  the  stroma,  which 
may  be  so  richly 
cellular  as  to  suggest 
a  sarcomatous  change 
(Fig.  92).  This  va- 
riety of  adenoma, 
although  it  may  in- 
crease rajjidly  and 
reach  a  large  size, 
shows  no  true  evi- 
dences of  malignancy, 
and  the  name  "  adeno- 
sarcoma  "  which  was 
formerly  applied  to  it 
is  very  misleading. 

4.  In  the  cystic 
adenoma  the  glandu- 
lar spaces  of  the  tu- 
mour become  trans- 
formed into  cysts  of 
large  size  which  are 


Fig.  91. — Microscopic  section  of  hard  fibro-adenoma  of  breast. 

2  c 
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occupied  by  foliaceous  intracystic  growths.  These  closely  packed 
growths  often  give  a  very  characteristic  appearance  to  a  section  of 
the  tumour  which  was  aptly  compared  by  Virchow  to  the  centre  of 
a  split  cabbage  (Fig.  93).  The  true  nature  of  the  tumour  will  always 
be  apparent  on  microscopic  examination,  which  will  show  a  transition 
from  the  typical  structure  of  a  fibro-adenoma  to  that  in  which  the 
cystic  transformation  is  very  pronounced  (Fig.  94). 

The  cystic  adenoma  often  presents  an  extreme  degree  of  lobulation, 
and  in  such  tumours  the  opening  up  of  one  of  the  superficial  cysts 


Fig,  92. — Microscopic  section  of  soft  fibro-adenoma  of  breast. 

as  the  result  of  thinning  and  ulceration  of  the  overlying  skin  may 
lead  to  a  misleading  appearance  of  malignancy,  especially  if  an  intra- 
cystic growth  should  protrude  from  the  ulcerated  opening  in  the  cyst. 
It  is,  however,  necessary  to  insist  upon  the  benign  nature  of  this 
tumour,  which  was  at  one  time  known  as  a  "  cysto-sarcoma." 

The  cystic  adenoma  must  be  clearly  distinguished  from  certain 
forms  of  cystic  disease  of  the  mamma  in  which  the  cysts  are  occupied 
by  intracystic  growths.  In  the  former  the  cysts  form  part  of  an 
encapsuled  tumour ;  in  the  latter  the  cystic  change  aSects  the  breast 
tissue  itself,  and  no  separate  tumour  is  present. 

We  know  of  no  satisfactory  proof  that  a  carcinoma  of  the  breast 
ever  takes  its  origin  from  a  simple  adenoma.    The  same  breast  may 
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undoubtedly  contain  an  adenoma  and  a  cartinoina,  even  in  immediate 
apposition,  but  there  is  no  evidence  that  the  one  has  arisen  from  the 
otlier. 

Adenoma  of  the  thyroid  may  in  its  structure  resemble 
the  developing  or  fully  developed  gland,  and  occurs  as  an  encapsuled 
tumour  over  which  the  adjacent  jjart  of  the  gland  is  often  stretched 
as  a  thin  layer.  An  adenoma 
having  the  structure  of  the 
developing  gland  is  character- 
ized by  the  absence  of  colloid 
material,  and  on  section  pre- 
sents a  homogeneous  sub- 
stance of  a  whitish  colour. 
The  foetal  gland  consists  of 
anastomosing  solid  cylinders 
of  cells  lying  in  a  vascular 
connective  tissue,  and,  simi- 
larly, a  section  of  this  form 
of  adenoma  j^rcsents  the  ap- 
pearance of  alveoli  filled  with 
spheroidal  cells  and  separated 
by  connective  tissue  with 
large,  thin-walled  capillaries 
(Fig.  95).  Berry  states  that 
he  has  never  removed  an 
adenoma  of  this  kind  larger 
than  an  orange. 

An  adenoma  having  a 
structure  like  that  of  the  fully 
developed  gland  consists  of 
spaces  lined  with  a  low  cu- 
bical epithelium  and  filled  with 
colloid  substance.  The  spaces 
are  usually  larger  than  in 
the  normal  gland,  and  to  the 
naked  eye,  or  with  very  slight 
magnification,  the  tumour  pre- 
sents  a   fine   mesliwork,  the 

spaces  of  which  are  filled  with  vellowish-brown 
substance.     The  central  part  of 
fibrous   zone  sending 


Fig.  93. — Cystic  fibro-adenoma  of 
breast,  in  section,  showing  "  split 
cabbage  "  appearance  resulting 
from  closely  packed  intracystic 
growths.  The  tumour  is  protrud- 
ing through  the  skin. 

(  [  'nivL  rsity  College  HospHnl  Miisciiin. ) 


semitranslucent 
a   tumour  often  presents 


such 

radiations   towards  the  surface 


an  opaque 
(Kg.  96). 

In  this  variety  of  thyroid  adenoma  gross  cystic  changes  are 
common,  and  thus  by  the  coalescence  of  adjacent  spaces  even  a  large 
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Fig.  94. — Microscopic  section  of  cystic  adenoma  of  breast. 

tumour  may  be  converted  into  a  single  cyst  in  which  the  adenomatous 
tissue  remains  only  as  a  thin  layer  on  the  inner  surface  of  the  fibrous 
capsule  (cystic  adenoma).    Calcification  of  adenomas  of  the  thyroid 


Fig.  95. — Microscopic  section  of  adenoma  of  thyroid. 
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Fig.  96.- 


Colloid  adenoma  of  thyroid,  in 
section. 


is  not  uncommon,  and  a  cystic  adenoma  may  undergo  a  rapid  increase 
in  size  as  the  result  of  hsemorrhage  into  it. 

Colloid  adenomas  may  be  single  or  multiple,  and,  especially  when 
multiple,  arc  often  associated  with  a  varying  degree  of  general  paren- 
chymatous enlargement.  It  is  indeed  doubtful  whether  in  such 
cases  the  multiple  adenomas  should  be  regarded  as  true  tumours, 
or  as  masses  of  glandular 
tissue  which  have  gradu- 
ally become  isolated  and 
encapsuled. 

The  removal  of  a  single 
adenoma  by  enucleation 
is  usually  a  satisfactory 
method  of  treatment,  but 
when  the  tumours  are 
multiple  and  associated 
with  diffuse  enlargement 
of  the  gland,  partial  exci- 
sion is  often  necessary. 

Adenoma  of  the 
stomach  and  intes- 
tines.— Adenomas  of  the  gastric  and  intestinal  mucous  membrane, 
although  at  first  sessile,  tend,  like  all  simple  tumours  of  these  parts, 
gradually  to  become  pedunculated,  and  tluis  form  one  variety  of 
simple  polypus.  They  have  a  glandular  structure  corresponding 
to  that  of  the  part  in  which  they  arise,  and  frequently  present 
a  more  or  less  jiaj^illary  surface,  so  that  it  is  difficult  to  draw  a  sharp 
hne  of  distinction  between  the  adenomas  and  papillomas. 

Adenoma  of  the  stomach  is  rare.  The  tumour  usually  occurs  in  the 
region  of  the  pylorus,  and  Mayo  Robson  and  Moynihan  quote  cases 
in  which  an  adenoma  has  been  successfully  removed  for  the  relief  of 
pyloric  obstruction.  When  the  growth  is  sufficiently  large  to  form 
an  abdominal  tumour,  the  latter  is  characterized  by  its  extreme 
mobility. 

Adenoma  of  the  intestine  is  also  not  common,  and  its  practical 
importance  chiefly  concerns  its  tendency,  like  other  simple  tumours 
of  the  bowel,  to  occasion  intussusception.  In  the  case  of  a  woman 
recently  in  University  College  Hospital,  a  pedunculated  adenoma 
was  removed  from  the  sigmoid  colon.  The  only  symptom  was  rectal 
haemorrhage,  and  a  tumour  Avhich  could  be  felt  in  the  abdomen  was 
suspected  to  be  a  malignant  growth  in  the  large  intestine.  An 
exploratory  operation  proved  the  abdominal  tumour  to  be  the  mis- 
placed left  kidney,  lying  at  the  pelvic  brim.  In  the  sigmoid  colon  a 
round  tumour  was  felt,  which  could  be  moved  along  the  bowel  for 


438 


TUMOURS 


several  inches.  It  was  readily  removed  through  an  incision  in  the 
bowel,  after  ligaturing  the  long,  slender  pedicle. 

Adenoma  of  the  rectum  occurs  as  the  simple  polypus  not  un- 
common in  yoimg  children.  It  forms  a  soft,  red,  pedunculated  tumour, 
rarely  larger  than  a  small  cherry.  The  pedicle  may  be  sufficiently 
long  to  allow  the  tumour  to  protrude  from  the  anus  during  defseca- 
tion,  and  spontaneous  separation  is  probably  more  common  than  is 
supposed.  Prolapse  of  the  whole  circumference  of  the  rectal  wall 
may  be  caused  by  traction  of  the  tumour.  A  few  instances  of  large 
adenoma  of  the  rectum  in  the  adult  are  on  record,  but  such  cases 
are  much  less  common  than  are  those  of  the  simple  papilloma 
(p.  4-51).  The  structure  of  a  simple  adenoma  of  the  rectum  is 
identical  with  that  shown  in  Fig.  97. 

Adenoma  of  the  umbilicus. — This  is  not  uncommon  in 
infants,  and  forms  a  small  pedunculated  tumour  like  a  red  currant. 


Fig.  97. — Microscopic  section  of  adenoma  of  umbilicus. 


It  causes  a  slight  mucopuruleiit  discharge,  and  is  readily  brought  into 
view  by  everting  the  folds  of  the  umbilicus.  It  can  be  removed  by 
applying  a  ligature  to  the  pedicle,  or  by  dividing  the  latter  with  the 
point  of  a  fine  cautery.  Occasionally  a  tumour  of  this  nature  is 
associated  with  the  presence  of  a  faecal  fistula. 

A  section  of  one  of  these  little  tumours  shows  a  number  of 
epithelium-lined  tubes  resembling  Lieberkiihn's  follicles.  In  the 
centre  is  a  radiating  core  of  delicate  connective  tissue,  and  amongst 
the  follicles  small  lymphoid  nodules  are  often  present  (Fig.  97).  The 
tumour  doubtless  arises  in  connexion  with  the  outer  extremity  of 
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the  vitelline  duct.  In  one  recorded  case  a  tumour  of  the  umbilicus, 
similar  in  appearance  to  an  adenoma,  proved  to  be  a  simple  angioma. 
Adenomatous  tumours  of  the  umbilicus  are  occasionally  met  with 
in  the  adult. 

Adenoma  of  the  kidney. — In  granular  Iddneys,  small  white 
or  yellow  nodules,  sometimes  encapsuled,  are  occasionally  seen  in 
the  cortex.  These  nodules,  which  consist  histologically  of  variously 
altered  tubules,  and  are  by  some  authors  described  as  adenomas,  are 
the  result  of  the  cirrhotic  changes,  and  should  not  be  regarded  as 
tumours. 

A  true  adenoma  of  the  kidney,  excluding  the  adrenal  tumoui's 
descril)ed  Itelow,  is  rare,  and  still  more  rarely  does  it  assume  clinical 
importa  nee. 

Adrenal  adenoma. — Small  tumours,  usually  rounded  in  shape, 
and  \  ai ymg  in  size  from  a  pea  to  1  in.  in  diameter,  are  not  imcommon 
in  the  cortex  of  the  suprarenal  body.  They  are  yellow  in  colour,  and 
usually  have  a  structure  resembhng  that  of  the  zona  fasciculata,  con- 
sisting of  sohd  columns  of  polyhedral  cells  containing  fat  granules  and 
often  glycogen,  and  separated  by  a  delicate,  scanty  stroma  composed 
chiefly  of  large,  thin-walled  capillaries. 

Occasionally  a  single  tumour  of  larger  size,  but  similar  in  structure, 
is  found  in  the  adrenal  body.  These  tumours  have  received  the  name 
"  typical  hypernephroma "  to  distinguish  them  from  others  of  a 
malignant  form  in  which  a  more  or  less  marked  deviation  occurs  from 
the  normal  structure  of  the  adrenal  cortex,  and  which  are  known  as 
"  atypical  hypernephroma." 

The  very  interesting  fact  may  here  be  noted  that  numerous 
cases  are  on  record  in  which  the  presence  of  a  tumour  of  the  adrenal, 
usually,  however,  of  a  malignant  type,  has  been  associated  with  an 
extraordinary  degree  of  precocious  sexual  development.  Bullock  and 
Sequeira,  who  have  analysed  eleven  recorded  cases,  show  that  the 
condition  has  most  commonly  been  observed  in  female  children,  and 
before  the  age  of  7  years.  The  most  striking  feature  in  these  cases 
has  been  the  early  growth  of  hair  in  the  genital  regions,  and  in  boys 
on  the  face,  and  the  premature  development  of  the  genital  organs.  A 
peculiar  dusky  tint  of  the  sldn  has  several  times  been  noted.  In 
Adams's  case,  a  boy,  puberty  set  in  at  10  years,  and  was  followed  by 
rapid  muscular  development,  and  a  growth  of  hair  on  the  face  whicli 
required  to  be  shaved  almost  daily.  The  tumour  of  the  left  adrenal 
was  a  malignant  hypernephroma,  and  gave  rise  to  metastases  in  the 
liver  and  spleen. 

Besides  the  tumours  of  the  adrenal  itself,  certain  growths  in  other 
situations,  notably  the  kidney,  present  a  structure  which  is  strongly 
suggestive  of  an  adrenal  origin,  and  the  view  is  widely,  although  not 
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universally,  held  that  they  arise  in  displaced  fragments  of  adrenal 
tissue  or  "  adrenal  rests."  It  is  well  known  that  occasionally  the 
whole  or  a  large  part  of  the  adrenal  body  may  be  absent  from  its  normal 
situation  and  be  contained  within  the  renal  capsule.  Numerous 
observations  have,  however,  shown  that,  even  when  the  adrenal  bodies 
themselves  are  normal,  rests  of  adrenal  tissue  may  be  found  in  such 
situations  as  the  kidney,  liver,  solar  plexus,  mesentery,  or  along  the 
course  of  the  spermatic  and  ovarian  vessels,  as,  for  instance,  in  the 
spermatic  cord,  testicle,  and  between  the  layers  of  the  broad  ligament. 
In  several  of  these  situations  tumours  having  apparently  an  adrenal 
structure  have  been  found.  It  was  Grawitz  who,  in  1883,  first  proved 
that  certain  small,  white  or  yellowish-white  nodides  occasionally 
found  beneath  the  renal  cortex,  and  indistinguishable  with  the  naked 
eye  from  small  fatty  or  adenomatous  growths,  are  in  reality  "  adrenal 
rests,"  and  further  suggested  that  certain  renal  tumours  arise  from 
them. 

The  microscopic  examination  of  the  renal  tumours  in  question 
seems  to  leave  little  doubt  that  this  view  is  correct,  and  justifies  the 
name  "  renal  hypernephroma  "  or  "  adrenal  adenoma  of  the  kidney." 
The  structure,  as  illustrated  in  Fig.  98,  is  practically  identical  with 
that  of  the  adrenal  cortex,  and  agrees  with  that  of  adenomas  of  the 
adrenal  itself  above  described.  The  macroscopic  appearances  of  the 
same  tumour  are  illustrated  in  Plate  32.  The  growth,  which  displaces, 
rather  than  invades,  the  adjacent  renal  substance,  is  often  markedly 
lobulated,  and  whilst  some  of  the  lobules  present  a  characteristic 
orange-yellow  colour,  others  are  dark  red  and  hsemorrhagic.  The 
clinical  course  of  a  renal  hypernephroma  supports  the  view  that  for 
even  long  periods  the  tumour  is  benign  in  nature.  Thus,  in  the  case 
from  which  the  tumour  here  illustrated  was  removed,  there  had  been 
attacks  of  hsematuria,  associated  with  discomfort  in  the  left  renal 
region,  for  a  period  of  seven  years  ;  and  among  the  cases  collected 
by  Owen  Richards,  and  published  in  Guy's  Hospital  Reports,  are 
one  in  which  pain  had  been  present  for  twenty  years,  and  two  in 
which  a  tumour  had  existed  for  thirty-five  and  seventeen  years  re- 
spectively.  Hfematuria  is  a  very  common,  and  often  the  first,  symptom. 

In  addition  to  the  benign  hypernephroma  of  the  kidney,  other 
tumours  occur  wliich,  although  very  similar  in  structure,  pursue 
a  mahgnant  course.  Such  tumours  may  in  parts  be  indistinguish- 
able from  the  simple  form,  but  in  other  parts  the  structure  is 
atypical — the  cells  are  irregular  in  shape,  lose  their  fatty  contents, 
and  may  project  in  irregular  masses  into  the  vessels,  which  become 
transformed  into  wide  venous  spaces.  Although  considerable  differ- 
ence of  opinion  exists  on  tliis  subject,  it  seems  probable  that  these 
malignant  growths  also  originate  in  adrenal  rests,  and  not  from  the 
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(From  a  s/-icn:icii  in  tlic  Mnsi-iiiii  7/  I'nhjaiity  Col'cx'c  Hospital.) 

Plate  32. 
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renal  tubules.  It  is  probable  that  some  of  the  malignant  hyper- 
nephromas arise  by  a  carcinomatous  change  in  a  simple  hypernephroma, 
and  that  in  other  cases  the  tumour  is  malignant  from  tlie  first.  Among 
19  cases  of  renal  tumours  regarded  as  liypernephromas,  collected  by 


Fig.  98. — Microscopic  section  of  hypernephroma  of  kidney,  showing 
soHd  columns  of  polyhedral  cells  separated  by  a  scanty  stroma 
containing  thin-walled  capillaries. 

Owen  Ptichards,  in  which  a  post-mortem  examination  was  made,  in  4 
there  were  no  metastases  ;  in  11  there  were  metastases  by  the  blood- 
stream only,  chiefly  in  tlie  lungs,  bones,  and  skin  ;  in  3  there  were 
also  glandular  deposits,  and  in  1  j^eritoneal  invasion. 

The  metastatic  deposits  in  the  bones  may  pulsate,  and  reference 
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will  be  made  subsequently  (p.  525)  to  recorded  cases  in  which  an 
isolated  metastasis  in  one  of  the  bones  was  present  at  a  time  when 
the  primary  tumour  was  still  vmrecognizable. 

Adenoma  of  the  uterus. — A  fibro-adenoma  of  the  mucous 
membrane  of  the  body  of  the  uterus  occurs  as  one  form  of  simple 
polypus,  but  is  much  less  common  than  the  mucous  polypus  and  the 
pedunculated  submucous  fibro-myoma.  The  tumour  is  usually  small, 
and  consists  of  spaces  lined  with  cubical  epithelium  lying  in  a  connec- 
tive-tissue stroma. 

Certain  tumours  of  the  uterus,  consisting  chiefly  of  muscular  and 
fibrous  tissue,  contain,  however,  such  a  considerable  amount  of 
glandular  tissue  in  the  form  of  spaces  lined  with  cubical  epithelium 
as  to  justify  the  name  "  adeno-myoma  "  being  applied  to  them.  To 
the  naked  eye  such  a  tumour  does  not  necessarily  jjresent  any  features 
distinguishing  it  from  an  ordinary  fibro-myoma,  but  occasionally 
the  glandular  elements  may  become  dilated  into  cysts  so  as  to  con- 
vert the  whole  tumour  into  a  lobulated  cystic  mass.  An  adeno- 
myoma  of  the  uterus  may,  if  it  reaches  a  large  size,  extend  into 
the  broad  ligament,  but  tumours  of  a  similar  nature  may  origi- 
nate in  this  situation,  probably  in  the  remains  of  the  Wolffian 
body  or  duct. 

The  name  adeno-myoma,  or  "  diffuse "  adeno-myoma,  is  also 
applied  to  a  diflercnt  condition  in  the  uterus,  in  which  the  whole  or 
a  part  of  the  cavity  of  the  body  is  surrounded  by  a  thick  layer, 
consisting  of  the  hypertrophied  glands  of  the  mucous  membrane 
intimately  mixed  with  tracts  of  fibro-muscular  tissue.  This  condi- 
tion, which  must  be  regarded  rather  as  a  glandular  hyperplasia  than 
a  true  tumour  formation,  may  clinically  be  indistinguishable  from 
certain  forms  of  fibro-myoma. 

Adenoma  of  the  ovary. — A  pure  adenoma  of  the  ovary, 
occurring  as  a  solid  tumour  composed  of  epitlielium-hned  tubules,  is 
very  rare  ;  but,  on  the  other  hand,  the  cystic  adenoma,  more  com- 
monly known  as  the  multilocular  ovarian  cyst,  is  of  very  frequent  occur- 
rence, and  may  reach  a  size  which  is  not  equalled  by  any  other  tumour. 
The  cystic  adenoma  occurs  as  a  smooth,  lobulated  tumour  composed 
of  a  number  of  cysts  held  together  by  fibrous  septa.  On  section  it  is 
often  found  that  the  bulk  of  the  tumour  is  composed  of  a  single  cyst, 
in  connexion  with  which  there  are  numerous  others  of  smaller  size 
and  often  fibrous  areas  in  which  minute  cysts  can  just  be  recognized 
with  the  naked  eye  or  seen  with  the  microscope.  Occasionally,  by  the 
breaking  down  of  the  septa  between  the  cysts,  the  whole  tumour 
is  converted  into  a  unilocular  cyst.  Except  in  the  earlier  stages 
of  its  development  the  ovar}'  itself  cannot  be  recognized  in  a  cystic 
adenoma. 
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Two  varieties  of  multilocular  ovarian  cyst  are  usually  recognized — 
the  simple  and  the  papillomatous.  In  the  simple  variety  the  cysts 
contain  a  mucoid  fluid,  colourless  or  stained  brown  with  blood 
pigment.  In  the  larger  cysts  the  fluid  becomes  more  serous.  It  is 
among  tumours  of  this  variety  that  the  enormous  dimensions  above 
mentioned  may  be  reached.  In  tlie  papillomatous  form  the  cysts 
usually  contain  serous  fluid,  and  the  intracystic  growths  may  take 
the  form  of  small,  scattered,  villous  tufts,  or  larger,  cauliflower-like 
masses,  which  may  completely  occupy  the  cysts.  Occasionally  tin- 
papillomatous  growths  may  project  through  the  ruptured  wall  of  a 
cyst  and  continue  to  grow  on  its  surface.  In  rare  instances  the  cells 
detached  from  a  ruptured  ovarian  cyst  may,  by  implantation,  give 
rise  to  multiple  papillary  growths  on  the  peritoneum,  which  are, 
however,  of  little  practical  significance. 

A  much  more  important  result  has  been  observed  to  follow  the 
ruptm'e  of  a  mucinous  cyst  into  the  peritoneum.  The  mucin-secreting 
cells  become  implanted  on  various  parts  of  the  peritoneum  and 
give  rise  to  the  accumulation  of  enormous  masses  of  mucinous 
material.  This  condition  has  received  the  name  pseudo-myxoma 
peritonei.  Although  it  cannot  be  dealt  with  radically  by  operation, 
relief  may  be  afforded  by  the  periodical  renioval  of  the  masses  of 
mucinous  growth. 

It  is  an  important  fact  that  in  a  small  jjercentage  of  cases  of 
papillomatous  ovarian  cyst  the  disease  pursues  a  malignant  course, 
although  the  tumour  may  not,  to  the  naked  eye,  differ  from  a  simple 
tumour. 

Examined  microscopically,  the  cysts  of  a  simple  mucinous  cystic 
adenoma  are  found  to  be  lined  with  a  single  layer  of  columnar  epi- 
thelial cells,  the  free  extremities  of  which  are  distended  with  mucin 
(Fig.  99).  In  the  fibrous  tissue  surrounding  the  cysts  are  seen  in 
places  tubules,  lined  with  columnar  or  cubical  cells,  which  have 
originated  by  outgrowths  from  the  cysts  themselves.  In  the  papillo- 
matous form  the  intracystic  growths  are  covered  with  a  cubical  or 
columnar  epithelium.  The  origin  of  the  ovarian  cystic  adenoma 
has  been  very  variously  interpreted,  but  the  view  most  generally 
accepted  at  tlie  present  time  is  that  the  tumour  arises  in  collec- 
tions of  cells  of  the  germinal  epithehum  which  have  suft'ered  arrest 
of  development. 

Adenoma  of  the  sebaceous  glands. — It  has  already  been 
pointed  out  that  the  name  adenoma  has  been  incorrectly  applied 
to  certain  chronic  inflammatory  afi'ectious  of  the  skin  in  wliich  a 
hyperplasia  of  the  sebaceous  glands  is  a  marked  feature.  True  seba- 
ceous adenomas  are  imdoubtedly  rare,  unless  the  view  held  by  Bland- 
Sutton  and  some  other  pathologists  is  accepted,  that  certain  tumours 
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of  the  skin  which  clinically  resemble  sebaceous  cysts  are  in  reality 
sebaceous  adenomas,  and  consist  of  newly  formed  glands  rather  than 
of  a  gland  merely  enlarged  by  distension.  The.  tumour  which  is 
shown  in  the  accompanying  illustration  (Fig.  100)  seems  to  be  an 
undoubted  example  of  a  simple  glandular  tumour  of  the  sebaceous 
type.    It  was  situated  beneath  the  skin  of  the  inner  aspect  of  the 


Fig.  99. — Microscopic  section  of  cystic  adenoma  of  ovary. 


labium  majus,  and  measured  2-5  cm.  in  its  longest  diameter.  Micro- 
scopically, the  tumour  is  seen  to  be  a  racemose  adenoma,  [and  in 
some  of  the  larger  spaces  papillary  growths  project  into  the  lumen 
(Fig.  101). 

It  has  been  suggested  that  some  of  the  small  calcareous  tumours 
occasionally  found  beneath  the  skin,  and  formerly  described  as 
osteomas,  arise  in  sebaceous  adenomas.    It  is  interesting,  however, 
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to  note  that  Sliattock  has  shown  that  in  these  tumours  the  calci- 
fication may  be  associated  with  a  very  marked  horny  change  in 
the  epithelial  cells  of  the  tumour,  and  he  suggests  that  such  tumours 
may  arise  in  connexion  with  the  hair-follicles  and  not  in  seba- 
ceous glands. 

Adenoma  of  the  sweat-giands. 
— Simple  sweat-gland  tumours  have  been 
described,  but  are  of  extreme  rarity.  In  the 
Museum  of  University  College  Hospital  is  a 
piece  of  skin,  probably  removed  from  the 
cheek,  and  including  a  shghtly  raised  tu- 
mour, measuring  2-5  cm.  by  2  cm.,  and  8 
mm.  in  thickness.  The  tumour  consists  of 
convoluted  tubes  lined  with  epithelium,  and 
closely  resembhng  the  normal  sweat-glands 
in  appearance.  It  was  regarded  by  Marcus 
Beck  as  an  example  of  the  growth  de- 
scribed by  Rindfleisch  as  hypertrophy  of 
the  sudoriparous  gksnds." 


Fig.  100.  —  Sebace- 
ous adenoma  of 
labium  majus,  in 
section.   Nat.  size. 

{From  a  case  under  t/w  care 
of  Herbert  Spencer.) 
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PAPILLOMA 

A  papilloma  is  a  simple  tumour  which,  in  its  structure,  corre- 
sponds more  or  less  closely  with  the  papillae  that  are  normally  present 
in  the  skin  and  some  mucous  membranes.  A  papilla  consists  of  a 
connective-tissue  outgrowth,  containing  looping  blood-  and  lymph- 
vessels,  and  covered  with  epithelium  of  the  stratified  or  columnar 
type.  In  a  j^apilloma  the  component  papillae  attain  a  size  much 
greater  than  the  normal,  and  are  often  compound,  secondary  papillae 
springing  from  the  primary  ones.  In  this  way  the  tumour  may 
assume  a  large  size  and  a  most  complex  structure,  the  papillae  some- 
times taking  the  form  of  delicate  branching  villous  processes,  or  at 
other  times  being  fewer  in  number  and  club-shaped,  so  that  the 
tumour  presents  a  cauliflower-like  appearance.  In  other  tumours, 
especially  those  covered  with  stratified  epithelium,  the  intervals 
between  adjacent  papillae  are  so  completely  occupied  by  the  pro- 
liferated epithelium  that  the  villous  character  of  the  surface  is  lost, 
and  the  tumour  is  merely  velvety,  warty,  or  nearly  smooth.  Papillomas 
may  be  sessile  or  pedunculated,  and  sometimes  the  pedicle  of  even 
a  large  tumour  is  very  slender. 

In  considering  tumours  of  papillary  structure,  it  is  necessary  to 
point  out  that  it  is  extremely  difficult  to  draw  a  sharp  line  of  distinc- 
tion between  the  true  papillomas  and  certain  papillary  hyperplasias 
resulting  from  chronic  inflammation  of  the  skin  and  those  mucous 
surfaces  in  which  papillae  are  normally  present,  and  it  may  be  well 
to  give  a  few  illustrative  instances. 

As  the  result  of  the  irritation  of  gonorrhceal  and  other  discharges, 
extensive  papillomatous  formations  are  not  uncommon  on  and  around 
the  external  genitalia  (venereal  warts). 

In  certain  forms  of  chronic  inflammation  of  the  mucous  membrane 
of  the  tongue  the  formation  of  localized  warty  growths  is  a  not 
uncommon  manifestation. 

Tuberculosis  of  the  skin  and  mucous  membranes  frequently  assumes 
a  form  in  which  the  papillary  character  is  so  marked  as  closely  to 
simulate  a  tumour.  This  is  particularly  striking  in  the  form  of  tuber- 
culosis of  the  skin  known  as  lupus  verrucosus,  as  well  as  in  some  forms 
of  tuberculous  disease  of  the  intestines,  especially  the  caecum  and 
rectum,  where  the  resemblance  to  a  tumour  may  be  very  close. 

Other  instances  of  the  formation  of  papillomatous  gxowths  as 
the  result  of  direct  local  irritation  are  afforded  by  cases  in  which 
villous  outgrowths  of  the  pelvis  of  the  kidney  have  been  found  in 
association  with  calculi,  and  by  an  analogous  case  recorded  by 
Rolleston,  in  which  a  papilloma  of  the  common  bile-duct  was  apparently 
due  to  the  irritation  of  a  gall-stone,  the  growth  being  similar  to  those 
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met  with  in  the  small  ducts  of  the  rabbit's  liver,  and  due  to  the  presence 
of  psorosperms.  Similarly,  papillary  growths  in  the  rectum  and 
elsewhere  may  be  caused  by  the  Bilharzia  hcematobia.  Such  illustra- 
tions, which  miglit  readily  be  multiplied,  are  sufficient  to  show  that 
papillomatous  growths  are  frequently  the  direct  result  of  chronic 
irritation. 

In  some  respects  papillomas,  especially  of  mucous  membranes, 
have  a  close  affinity  witli  the  adenomas.  The  same  tissue  elements 
exist  in  both  tumours,  but  in  different  relations,  for  whereas  in  the 
adenoma  the  epithelium  forms  a  lining  to  spaces  in  the  stroma,  in  the 
papilloma  the  epithelium  covers  the  surface  of  the  connective-tissue 
projections.  A  transitional  condition  is  represented  by  certain  tumours 
in  which  the  surface  has  a  typical  papillomatous  structure,  whilst  in 
the  deeper  parts  of  the  tumour  epithelium-lined  spaces  are  jn'esent.  A 
tumour  of  this  mixed  structure  is  well  illustrated  by  certain  simple 
tumours  of  the  rectum. 

Another  matter  of  great  practical  imjDortance,  and  often  of  con- 
siderable difficulty,  is  the  distinction  between  simple  papillomas  and 
certain  malignant  growths  with  a  villous  or  warty  surface.  The 
difficulty  is  chiefly  met  with  in  certain  jaapillary  carcinomas  of  mucous 
membranes,  as,  for  instance,  of  the  mouth  and  bladder.  The  tumour 
in  such  cases  is  necessarily  sessile,  and  the  surface  is  rarely  so  markedly 
or  regularly  papillary  as  in  a  simple  tumour,  but  the  essential  difference 
is  in  the  character  of  the  base.  The  papilloma  is  entirely  an  outgrowth 
from  the  surface,  whereas  in  the  malignant  growth,  in  addition  to  the 
outgrowth  from  the  sm'face,  there  is  a  downward  extension  into  the 
deeper  tissues.  This  can  often  be  recognized  by  careful  investigation 
of  the  base  of  the  growth,  but  in  all  cases  microscopic  examination 
should  be  undertaken. 

Papilloma  of  the  skin. — Many  forms  of  papillary  hyper- 
trophy affecting  tlie  sicin  are  rather  of  the  nature  of  an  inflammatory 
overgrowth  than  a  true  tumour.  Thus  the  simple  v:arts  which  are 
common,  especially  on  tlie  hands  in  children,  are  very  probably  infec- 
tive. They  often  develop  rapidly  and  numerously,  and  may  as  rapidly 
disappear,  and  they  not  uncommonly  affect  several  members  of  tlie 
same  family.  They  consist  of  a  group  of  enlarged  papilhe  covered  with 
thickened,  horny  epithelium.  A  com  results  from  j^rolonged  inter- 
mittent pressure  on  the  skin,  and,  except  in  moist  situations,  is  charac- 
terized by  the  formation  of  a  hard,  conical,  horny  thickening.  Imme- 
diately beneath  this  the  papilltB  atrophy,  but  around  it  they  may 
show  a  sliglit  degree  of  hypertrophy.  In  the  tissues  beneath  a  corn 
a  small  adventitious  bursa  may  be  present,  and  is  liable  to  be  the 
seat  of  suppuration,  Avhich  in  feeble  elderly  subjects  may  lead  to 
serious  results. 
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Undoubtedly  tlie  most  striking  papillomatous  growths  of  tbe  sldn 
are  the  venereal  ivarts  to  which  reference  has  already  been  made.  (Fig. 
102.)  TJiey  occur  in  their  most  exaggerated  form  in  the  female,  on  the 
external  genitalia  and  around  the  anus,  where  they  may  reach  a  large 
size,  spreading  over  considerable  areas,  and  having  a  cauliflower-like 
form.  The  sodden  masses  of  epithelium  which  cover  the  papillary 
processes  cause  by  their  decomposition  a  peculiarly  offensive  discharge. 


It  is  necessary  to  distinguish  clearly  between  the  venereal  papillomas 
and  the  condylomas,  or  mucous  tubercles,  which  occur  in  similar 
situations  in  the  secondary  stages  of  syphilis.  Condylomas  merely 
represent  a  modified  form  of  a  squamous  syphilide  due  to  its  situation 
in  a  part  which  is  persistently  moist,  so  that,  instead  of  the  scaly 
patch  that  characterizes  the  eruption  elsewhere,  the  thickened  epi- 
thelium accumulates  in  soft  masses  over  the  enlarged  papillae.  The 
mucous  tubercle  never  assumes  the  markedly  papillomatous  form  of 
the  venereal  wart,  nor  the  large  size  often  attained  by  the  latter. 

True  papilloma  of  the  skin  is  undoubtedly  rare,  but  is  occasionally 
met  with,  especially  on  the  face,  as  a  small  tumour  composed  of  a  tuft 
of  slender,  elongated  papillae  (Fig.  103).  By  the  heaping  up  of  the  horny 
epidermic  covering  of  a  papilloma  one  form  of  cutaneous  horn  may 
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be  produced.  In  rare  instances  such  a  liorny  outgrowth  has  attained 
a  large  size,  producing  a  striking  deformity.  In  tlie  base  of  the  horn  is 
the  vascular  papillary  projection  on  which  it  originated.  Reference 
will  subsequently  be  made  to  cutaneous  horns  which  occasionally 
form  from  sebaceous  cysts  (p.  592). 

In  this  place  it  will  be  convenient  to  refer  to  certain  formations 
which  occur  in  tlie  skin,  but  of  which  the  papillomatous  structure  is 


Fig.  103. — Microscopic  section  of  a  papilloma  of  skin  of  face. 


not  always  a  marked  feature.  We  refer  to  soil  warts  and  congenital 
Dioles.  The  soft  wart  occurs  as  an  isolated  tumour,  the  surface  of 
wliich  is  in  some  instances  papillary,  but  often  smooth,  or  at  the  most 
marked  by  shallow  clefts  ;  the  tumour  may  be  pigmented.  The  con- 
genital mole  may  present  itself  as  a  simple  pigmented  area  in  the  skin, 
or  as  a  raised  warty  patch,  often  hairy  and  deeply  pigmented.  Such 
hairy,  pigmented  moles  may  involve  large  areas,  and,  if  present  on 
the  face,  occasion  hideous  disfigurement. 

The  pigment  in  these  different  forms  of  simple  melanoma  is 
present  in  spindle-shaped  or  stellate  cells  in  the  corium  (chromato- 
phores),  and  also  in  the  deeper  layers  of  the  epidermis.  Some 
observers  believe  that  processes  of  the  chromatophores  may  extend 
between  the  epithelial  cells. 
2  D 
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lu  the  soft  wart,  and  also  in  the  congenital  mole,  there  are  some- 
times found  beneath  the  epidermis  certain  cell  masses  (nsevns  cells), 
the  origin  and  nature  of  which  have  been  the  subject  of  much  dis- 
cussion. The  naevus  cells  are  in  some  cases  small  and  round  or  oval, 
but  in  other  specimens  they  are  larger,  richly  protoplasmic,  possess  a 
round  nucleus,  and  are  more  epithelioid  in  character. 

According  to  the  original  view  of  von  Recklinghausen,  these  nsevus 
cells  are  endothelial  in  nature,  and  the  name  lymphangio-fibroma  was 
applied  to  such  growths.  Ribbert  believes  them  to  represent  an  early 
stage  in  the  development  of  the  chromatophores,  before  pigment  has 
formed  in  the  cells.  Unna,  on  the  other  hand,  claims  to  have  traced 
the  nsevus  cells  in  the  foetus  from  the  Malpighian  layer,  although 
the  continuity  is  lost.  It  will  thus  be  seen  that  opinions  differ  as  to 
whether  the  cells  in  question  are  of  epithelial  or  connective-tissue  origin. 

The  cluef  practical  importance  of  these  pigmented  moles  is 
their  liability  to  be  the^  starting-point  of  certain  pigmented  growths. 
Such  tumours  must  originate  in  the  nsevus  cells,  the  chromatophores, 
or  the  deeper  cells  of  the  epidermis.  Their  histological  structure  is 
that  of  sarcoma  or  of  endothelioma  rather  than  of  carcinoma.  On 
the  other  hand,  the  marked  tendency  to  metastases  in  the  lymphatic 
glands,  and  their  close  connexion,  in  some  cases,  with  changes  in  the 
deeper  layers  of  the  epidermis,  suggest  a  carcinomatous  nature. 
The  latter  fact,  however,  is  discounted  by  the  possibility  of  chroma- 
tophores being  intercalated  among  the  deeper  epithelial  cells.  We 
think  that  the  majority  of  these  timiours  are  sarcomatous  or 
endotheliomatous,  and  that  the  origin  of  any  of  them  from  the 
epithelium  has  not  been  proved. 

Reference  has  already  been  made  to  the  pigmented  patches  met 
with  in  cases  of  neuro-fibromatosis  (p.  375),  and  it  is  probable  that 
some  pigmented  moles  are  allied  to  this  disease. 

Papilloma  of  mucous  membranes. — Papillomas  occasion- 
ally occur  on  the  mucous  membrane  of  the  mouth,  such  as  the  lips, 
cheeks,  gums,  tongue,  and  palate.  A  simple  pedunculated  papilloma 
in  these  situations  is  rare,  but  may  occur  in  such  a  situation  as  the 
tip  of  the  uvula.  More  often  in  these  regions  a  papilloma  assumes 
the  form  of  a  small,  sessile,  warty  growth,  whilst  on  the  tongue  warty 
or  papillomatous  patches  may  occur  as  one  of  the  manifestations  of 
chronic  superficial  glossitis.  Such  warty  growths,  especially  on  the 
tongue  and  lips,  should  always  be  regarded  with  grave .  suspicion, 
for,  even  if  not  already  cancerous,  the  hkelihood  of  the  later  develop- 
ment of  malignant  disease  is  very  great.  For  this  reason  no  hesita- 
tion should  be  felt  in  urging  their  free  removal  without  delay. 

Papillomas  of  the  larynx  are  more  common  than  any  other  simple 
tumour  in  this  part,  and  are  much  more  frequent  in  children  than 


PAPILLOMA 


451 


in  adults.  The  favourite  site  is  the  vocal  cords,  but  when  multiple 
they  may  grow  also  on  the  ventricular  bands,  laryngeal  surface  of 
the  epiglottis,  and  upper  part  of  the  trachea.  A  dangerous  degree 
of  obstruction  may  result. 

Papilloma  of  the  intestine  is  rare,  except  in  the  rectum.  In  several 
recorded  cases  multiple  papillomas  of  tlie  intestine  have  occasioned 
hfemorrhage  from  the  bowel.  In  the  rectum  (Fig.  101)  a  papilloma  may 
reach  a  large  size,  forming  a  tumour  which  resembles  the  flower  of  a 
chrysanthemum ;  and  although  at  first  the  growth  is  probably  always 
sessile,  it  tends  gradually  to  become  more  and  more  pedunculated, 
so  that  eventually  it  may  be  extruded  from  the  anus  during  the 
expulsive  efforts  of 
the  bowel.  Papil- 
loma of  the  rectum 
is  more  common  in 
women  than  in  men. 
The  j)^rill''3  com- 
posing the  tumour 
are  covered  with 
columnar  epithelium 
cells,  amongst  which 
goblet  cells  are  often 
present,  and  the 
central  part  of  the 
tumour  may  present 
a  structure  resem-  pig.'  104.— Papilloma  of  rectum.  The  tumour 
bling  that  of  an  is  very  lobulated  and  the  surface  composed 
adenoma.  of  delicate  villous  processes. 

Papilloma  may 

occur  on  the  mucous  membrane  of  any  part  of  the  urimnj  tract 
— calyces  and  pelvis  of  the  kidney,  ureter,  and  bladder.  In  the 
bladder,  papilloma  is  the  most  common  simple  tumour,  and,  as 
elsewhere,  may  be  single  or  multiple.  When  single,  the  tumour  is 
usually  pedunculated,  and  its  favourite  site  is  the  neighbourhood 
of  the  ureteric  orifices  (Fig.  105).  When  multiple,  the  tumours  are 
usually  sessile  and  form  small  tufts,  which  in  some  cases  are  thickly 
scattered  over  all  parts  of  the  bladder  wall.  The  delicate  structure 
of  these  villous  tumours  and  their  vascularity  explain  the  hremor- 
rhage  which  so  readily  occurs  from  them,  especially  when  they  are 
squeezed  by  the  contracting  bladder  wall.  Apart  from  their  i-ecog- 
nition  by  cystoscopic  examination,  small  fragments  of  the  villous 
processes  of  the  tumours  can  sometimes  be  demonstrated  in  tlie  urine 
with  the  microscope. 

Similar  villous  tumours  occurring  in  the  pelvis  of  the  kidneij  are  an 
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occasional  cause  of  renal  hismaturia,  and  the  association  of  sucli 
tumours  with  renal  calculi  has  already  been  mentioned.  In  1897, 
Douglas  Drew  brought  before  the  Pathological  Society  of  London 
a  very  interesting  specimen  of  multiple  papillomas  of  the  left  kidney, 
left  ureter,  and  bladder.  The  kidney  was  also  the  seat  of  a  villous 
carcinoma  which  had  extended  to  the  neighbouring  lymphatic  glands. 


Fig.  105. — Papilloma  of  urinary  bladder.    The  pedicle  of  the 
tumour  is  attached  near  the  orifice  of  the  left  ureter. 

(This  and  ihc  pj-eccdiiig  ftguyc  are  from  sptxiinens  in  University  ColU-gc 
Hospital  Mttseitni.) 


The  renal  calyces  and  pelvis  and  the  whole  length  of  the  ureter  were 
beset  with  delicate  papillary  growths,  whilst  in  the  bladder  a  similar 
growth  was  attached  around  the  ureteric  orifice.  In  such  a  case — 
and  others  of  a  similar  nature  are  on  record — the  conclusion  seems 
unavoidable  that  the  growths  spread  along  the  urinary  tract  by  a 
process  of  simple  transplantation. 

The  epithehum  covering  the  papillomas  of  the  urinary  tract  is 
of  the  transitional  stratified  form  which  is  normal  to  the  part. 
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Intracystic  papilloma. — Especially  in  the  breast  and  ovary, 
it  is  common  to  lincl  papillomatous  growths  springing  from  the  inner 
surface  of  cysts. 

In  the  breast,  such  intracystic  papillomas  may  be  single  or  multiple. 
The  isolated  form  is  usually  found  in  a  cyst  formed  by  dilatation  of 
one  of  the  large  ducts — duct  papillotna.  The  tumour  may  have  a 
delicate  villous  structiire,  being  composed  of  branching  vascular 
papilla^,  and  may  partially  or  completely  fill  the  cyst  in  which  it  grows. 
Tn  the  latter  case  the  closely  packed  ^^I'ocesses  of  the  tumour  may 
so  completely  fill  and  distend  the  cyst  that  the  cyst  wall  assumes  the 
appearance  of  a  thin,  fibrous  capsule  surrounding  the  tumour. 
It  frequently  happens  that  the  cyst  still  retains  its  communica- 
tion with  the  duct  from  which  it  originated,  and  thus  a  discharge, 
often  blood-stained,  occurs  from  the  nipple,  just  as  in  a  vascular 
papilloma  of  the  bladder  or  rectum  haemorrhage  is  a  prominent 
symptom. 

It  is  very  important  to  recognize  the  essential  difference  between 
a  simple  duct  papilloma  and  that  form  of  columnar  carcinoma  which 
originates  in  the  ducts  and  may  assume  a  villous  form  (p.  575).  In  the 
latter  tumour  intracystic  papillomatous  growths  may  be  present,  but 
a  careful  histological  examination  will  reveal  the  important  fact  that 
the  epithelial  growth  is  not  confined  to  the  interior  of  a  cyst,  but 
extends  also  into  the  tissues  outside  and  beyond  the  cyst  wall. 
Although  the  villous  form  of  columnar-celled  carcinoma  of  the  breast 
is  probably  of  comparatively  low  malignancj^,  it  is  very  likely  that 
this  feature  has  been  exaggerated  by  the  inclusion  amongst  the  villous 
cancers  of  certain  papillomas  of  a  benign  nature. 

In  addition  to  the  duct  papilloma,  which  presents  itself  as  an  isolated 
tumour  of  the  mamma,  multiple  intracystic  papillary  growths  are 
sometimes  met  with  in  connexion  with  the  cystic  degeneration  which 
may  affect  one  or  both  breasts.  In  this  disease  a  part  or  the  whole  of 
the  gland  is  transformed  into  a  number  of  cysts  varpng  in  size,  and 
often  containing  papillary  ingrowths  similar  in  character  to  the  single 
form  above  described. 

In  the  ovary,  intracystic  papillomas  are  common  in  one  variety 
of  multilocular  cyst,  and  have  already  been  mentioned  in  speaking 
of  that  disease  (p.  443).  In  many  respects  they  closely  resemble  the 
intracystic  papillomas  of  the  breast,  and  it  is  a  matter  of  great 
practical  importance  that  in  some  cases  an  ovarian  tumour,  indis- 
tinguishable from  a  simple  papillomatous  ovarian  cyst,  may  pursue  a 
malignant  course,  recurring  locally  after  removal,  and  ultimately 
proving  fatal. 

Papillomas  also  occur  in  parovarian  cysts.  Occasionally  masses 
of  papillomatous  growth  occur  on  the  surface  of  the  ovary  indepeu- 
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dently  of  any  cystic  disease,  and  may  form  a  tumour  of  considerable 
size.  Such  growths  are  entirely  benign,  and  show  no  tendency  to 
implantation. 

MALIGNANT  TUMOURS 

It  has  already  been  pointed  out  that  a  malignant  tumour  differs 
from  a  simple  or  benign  tumour  in  its  mode  of  growth ;  that  in  what- 
ever part  it  originates  it  exhibits  an  invariable  tendency  to  invade 
and  destroy  the  surrounding  tissues,  and  often,  sooner  or  later,  to 
disseminate  itself  in  distant  parts.  It  has  further  been  stated  that 
in  its  structure  a  malignant  tumour  is  usually  strikingly  "  atypical,'" 
and  in  its  growth  departs  very  widely  from  the  structure  of  the  part 
in  which  it  originated,  and  that  the  cells  composing  it  become  endowed 
with  a  power  of  progressive  growth  which  continues  until  a  fatal 
result  is  almost  invariably  produced.  Tumours  exhibiting  malignant 
characters  are  represented  by  two  great  classes — the  sarcomas  or 
malignant  connective-tissue  tumours,  and  the  carcinomas,  or  malignant 
epithelial  tumours.  Some  degree  of  confusion  still  exists  in  the  nomen- 
clature of  malignant  growths  on  account  of  the  popular  use  of  the 
name  "  cancer  "  for  all  tumours  of  this  nature — a  relic  of  the  times 
when  sarcoma  and  carcinoma  were  imperfectly  recognized  as  distinct 
forms  of  growth.  The  older  writers,  depending  mainly  for  their 
descriptions  of  tumours  upon  some  very  obvious  feature,  such  as 
consistence,  adopted  the  terms  "  encephaloid  "  and  "  scirrhus  "  for 
those  presenting  marked  softness  or  hardness  respectively.  Again, 
it  is  still  very  usual  to  apply  the  name  "  epithelioma  "  to  those  forms 
of  carcinoma  which  originate  from  a  surface  epitheUum.  Thus,  although 
a  maUgnant  epithelial  growth  in  the  breast  is  always  kno-woi  as  a  car- 
cinoma, a  malignant  growth  arising  in  the  epithelium  of  the  tongue  or 
rectum  is  known  indiscriminately  as  a  carcinoma  or  as  an  epithelioma. 
In  order  to  simplify  the  nomenclature,  and  also  because  the  name 
"  epithelioma  "  has  been  appHed,  especially  by  French  pathologists, 
to  certain  epithelial  growths  of  a  simple  nature,  we  shall  use  only  the 
term  "  carcinoma  "  for  all  forms  of  malignant  epithelial  growth. 

Distinctive  characters  of  carcinoma  and  sarcoma. 
— Before  proceeding  to  describe  the  different  forms  of  malignant 
tumours  it  will  be  convenient  to  consider  certain  features  common 
to  all,  and  it  will  render  this  the  easier  if  the  essential  characters 
of  the  sarcomas  and  carcinomas  respectively  are  first  described. 

The  essential  constituent  of  each  form  of  malignant  tumour  is  re- 
presented by  the  cell  elements,  although,  especially  in  the  carcinomas, 
the  characters  of  the  stroma  will  need  subsequent  consideration.  A 
sarcoma  consists  essentially  of  a  mass  of  more  or  less  undifferentiated 
connective-tissue  cells,  whilst  a  carcinoma  is  composed  essentially  of 
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epitlielium,  wliicli,  whilst  growing  in  an  irregular  manner,  usually 
preserves  recognizable  resemblance  to  the  squamous,  columnar,  or 
spheroidal  varieties  of  epithelium  in  which  the  tumour  had  its  origin. 

It  is  true  that  sometimes  it  is  difficult  to  distinguish  definitely, 
on  cell  characteristics  alone,  between  some  forms  of  sjjheroidal-celled 
carcinomas  and  some  round-celled  sarcomas,  and  in  these  cases 
certain  other  features  of  the  tumours  must  be  utilized  to  help  in  the 
diagnosis.  It  may  be  said  generally  that  in  carcinomas  the  epithelial 
cells  still  exhibit  the  constant  feature  that  they  lie  in  immediate 
contact  one  with  another,  or  at  the  most  are  separated  by  a  very  small 
amoimt  of  intercellular  substance.  The  cell  masses  are,  however, 
usually  sharply  defined  from  the  stroma  of  the  tumour  or  the  tissues 
into  which  they  are  extending.  This  is  especially  seen  in  sections 
which  have  been  treated  with  various  hardening  reagents,  and  in 
which  the  shrinkage  of  the  tissue  often  produces  a  distinct  interval 
separating  the  cell  mass  from  the  tissue  around  it.  In  the  ordinary 
round-celled  sarcoma,  on  the  other  hand,  the  cells  are  less  regularly 
arranged,  and  may  be  separated  by  a  definite  amount  of  homogeneous 
ground  substance,  or  even  by  a  fine  reticulum. 

The  relation  of  the  blood-vessels  to  the  tumour  cells  is  a  matter  of 
great  importance.  In  a  sarcoma  the  blood-vessels  are  usually  very 
numerous,  and  extend  actually  into  the  cell  masses  among  the  tumour 
cells  (Fig.  106).  The  vessels,  moreover,  are  devoid  of  proper  vessel 
walls,  and  frequently  consist  merely  of  clefts  or  spaces  among  the  cells, 
bounded  only  by  specially  arranged  cells,  often  in  the  form  of  short 
spindles  lying  end  to  end  (Fig.  103).  The  arrangement  thus  suggests 
the  appearances  seen  in  the  normal  process  of  the  development  of 
connective  tissue.  In  a  carcinoma,  on  the  other  hand,  the  small 
blood-vessels,  although  they  may  be  very  numerous,  are  confined  to 
the  tissues  intervening  between  the  cell  masses,  and  do  not  extend 
into  the  latter  (Fig.  145)  ;  they  present  the  appearance  of  ordinary 
arterioles,  venules,  and  capillaries. 

The  relation  of  the  tumour  cells  of  malignant  growths  to  the  hjiii- 
fhatics  is  a  matter  of  great  practical  importance,  although  no  definite 
differentiation  between  the  two  classes  can  be  based  upon  it.  The 
evidence  of  lymphatic  invasion  and  dissemination  in  carcinoma  is 
usually  very  obvious  at  the  spreading  margin,  where  the  tumour  cells 
can  frequently  be  seen  lying  in  slender  columns  in  the  lymj^h  spaces, 
and  often  surrounded  by  the  flattened  endothelial  cells  of  the  latter 
(Fig.  107).  Although  the  statement  Avill  require  some  qualification,  it 
may  be  laid  down  as  a  general  rule  that  in  the  sarcomas  dissemination 
takes  place  chiefly  by  way  of  the  blood-vessels,  whilst  the  carcinomas 
extend  mainly  along  the  lymph-channels.  For  example,  in  the  case  of  a 
sarcoma  of  the  periosteum  of  the  tibia  we  should  look  for  evidences  of 
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secondary  deposits  especially  in  the  lungs,  whilst  in  the  case  of  a  car- 
cinoma of  the  skin  of  the  leg  the  first  evidence  of  dissemination  is  likely 
to  be  found  in  the  lymphatic  glands  of  the  groin. 

Attempts  to  discover  any  histological  feature  by  which  the  cells 
of  malignant  growths  can  be  distinguished  from  those  of  simple  tumours 
and  other  pathological  conditions  have  not  hitherto  been  successful. 
Recently,  however,  Beckton,  worldng  in  the  Cancer  Research  Labora- 
tories of  the  Middlesex  Hospital,  has  drawn  attention  to  a  histological 
fact  which,  if  established,  will  be  of  very  great  value  in  diagnosis. 


Fig.  106. — Microscopic  section  of  spindle-celled  sarcoma,  showing  a 
blood-space,  the  endothelium  of  which  lies  in  contact  with  the 
tumour  cells. 

It  has  been  shown  that  in  most  normal  tissues  certain  granules,  known 
as  "Altmann's  granules,"  can  be  demonstrated  in  the  protoplasm  of 
the  cells  by  a  special  method  of  fixation  and  staining.  Beckton  has 
investigated  the  condition  of  these  granules  in  various  forms  of  inflam- 
mation and  new  growth,  and  states  that,  whereas  in  inflammation 
and  simple  tumours  the  granules  are  present,  in  the  cells  of  malignant 
growths,  whether  sarcoma  or  carcinoma,  they  are  either  entirely  absent 
or  greatly  reduced  in  number.  The  tendency  of  the  granules  to  be 
present  in  the  cells  of  the  stroma  of  the  carcinomas  is  of  interest  in 
relation  to  the  generally  accepted  view  that  in  such  tumours  the  stroma 
is  not  an  essential  part  of  the  growth.  The  subject  is  a  very  important 
one,  and  calls  for  careful  consideration. 

Evidence  of  malignancy. — The  mahgnancy  of  a  tumour  may 
be  manifested  locally  and  generally — locally  by  its  destructive  action 
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upon  the  tissues  in  which  it  arises  and  those  directly  continuous  with 
them,  and  genercdlij  by  its  power  of  dissemination,  with  the  production 
of  secondary  deposits  or  "  metastases  ''  in  distant  parts.  For  prac- 
tical purposes  it  is  important  to  recognize  these  two  forms  of  malig- 
nancy ;  and  different  varieties  of  tumours  manifest  them  in  very 
varying  degrees,  so  tliat,  whilst  in  some  instances  the  malignancy  of 
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Fig.  107. — Microscopic  section  of  skin,  showing  a  column  of 
carcinoma  cells  in  a  lymphatic.  The  primary  growth  was 
situated  in  the  breast. 


a  growth  is  shown  more  or  less  exclusively  by  its  destructive  action  on 
the  tissues  surrounding  it,  in  other  cases  the  tumour,  although  pro- 
ducing but  little  local  damage,  manifests  its  mahgnancy  by  an  early 
and  often  Avidely  spread  dissemination  in  distant  parts. 

To  the  naked  eye  the  outline  of  a  malignant  growth  is  in  section 
often  very  sharply  defined,  but,  unlike  the  simple  tumours,  this  apparent 
margin  of  the  growth  does  not  represent  its  actual  limits,  for  around 
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it  is  a  more  or  less  extensive  zone  in  which  careful  microscopic  examina- 
tion shows  that  the  tumour  cells  are  invading  the  surrounding  tissue  ; 
and  in  planning  an  operation  for  the  removal  of  a  malignant  tumour 
it  is  essential  that  the  tissues  in  which  this  local  extension  is  likely 
to  be  taking  place  should  be  freely  removed.  The  evidence  strongly 
supports  the  view  that  every  malignant  growth  is  local  in  its  origin, 
and  that  recurrence  after  operation  means  that  the  operation  has 
failed  to  remove  completely  the  tissues  which  have  already  been 
invaded.  The  extirpation  of  a  simple  growth  requires  only  the  com- 
plete removal  of  the  tumour  as  such,  whilst  the  thorough  extirpation  of 
a  malignant  growth  necessitates  an  operation  the  magnitude  of  which 
may  seem  to  be  out  of  all  proportion  to  the  macroscopic  extent  of 
the  disease.  It  is  worthy  of  notice  that  an  undoubtedly  malignant 
growth,  and  especially  some  varieties  of  sarcoma,  may  exhibit  a  well- 
marked  tendency  to  encapsulation,  whilst  it  is  actually  infiltrating  the 
surroimding  tissues.  Thus,  in  certain  sarcomas  of  the  tonsil  such 
a  condition  has  been  observed  even  when  the  presence  of  muscular 
tissue  inside  the  capsule  gives  clear  proof  of  the  malignant  nature  of 
the  growth. 

In  studying  the  behaviour  of  a  malignant  growth  at  its  advancing 
edge,  it  is  most  important  to  observe  the  part  played  by  the  blood- 
and  lymph-vessels,  for  it  is  clearly  by  these  routes  that  dissemination 
must  be  brought  about.  The  mode  of  invasion  of  the  blood-vessels 
by  the  tumour  cells  and  the  behaviour  of  the  latter  in  the  interior 
of  the  vessels  have  been  studied  particularly  by  Goldmann  of  Frei- 
burg, and  Schmidt  of  Jena.  Goldmann,  by  using  a  special  stain 
for  the  elastic  tissue  in  the  walls  of  the  small  arteries  and  veins, 
has  shown  that  these  vessels  are  invaded  by  the  cells  of  the  growth 
in  the  peripheral  zone,  the  invasion  of  the  vessel-walls  taking  place 
by  way  of  the  vasa  vasorum,  and  that  whilst  in  the  arteries  the 
tumour  cells  rarely  proceed  farther  than  the  outer  coat,  in  the  veins 
they  are  generally  found  beneath  the  intima.  From  these  and  other 
observations  it  appears  certain  that  even  in  the  early  stages  of  malig- 
nant disease  the  tumour  cells  must  find  their  way  into  the  general 
circulation,  and  that  if  every  such  cell  became  the  starting-point  of 
a  secondary  deposit  extensive  metastases  in  the  lungs  would  be  an 
almost  universal  occurrence.  There  is,  however,  good  reason  for 
believing  that  in  some  way  the  cells  are  often  destroyed  in  the  cir- 
culation and  fail  to  develop  into  metastases.  In  this  connexion 
the  work  of  Schmidt  is  of  great  importance.  Among  41  cases  of 
carcinoma  which  he  examined  systematically  to  determine  the  modes 
of  dissemination  were  1.5  cases  of  abdominal  carcinoma  in  which,  he 
states,  cancerous  emboli  were  present  in  the  small  arteries  of  the  lungs, 
often  without  any  macroscopic  signs  of  secondary  deposits.    In  one 
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case,  however,  tlie  affected  arterioles  could  be  seen  as  fine  white  rami- 
fications.   In  the  youngest  emboli  the  cancer  cells,  without  stroma, 
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Fig.  108. — Embolus  of  carcinoma  cells  in  a  branch  of  the  pulmonary 
artery  (< ).        pulmonary  alveolus ;    h,  blood. 

were  surrounded  by  blood  corpuscles,  but  showed  mitoses,  and  were 
evidently  capable  of  proliferation  (Fig.  108).  In  many  emboh,  how- 
ever, the  cancer  cells  were  surrounded  b}^  a  thrombus  (Fig.  109),  and 


Fig.  109. — Embolus  of  carcinoma  cells  surrounded  by  a  thrombus, 
in  a  branch  of  the  pulmonary  artery. 


as  the  result  of  organization  of  the  thrombus,  which  was  demon- 
strated in  all  the  cases  but  one,  the  cancer  cells  gradually  xmderwent 
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retrogressive  changes  (Fig.  110).  First,  the  protoplasm  disappeared, 
only  the  nuclei  remaining,  and  finally  a  completely  organized  thrombus 
was  left  in  which  no  traces  of  the  cancer  cells  could  be  seen.  Schmidt 

further  states  that  the  cancer 
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cells  in  the  arteries  of  the  lungs 
may  extend  continuously  along 
the  lumen  into  the  capillaries 
and  veins  without  invading  the 
vessel  walls.  This  occurred  in  9 
of  the  1.5  cases,  and  serves  as 
an  explanation  of  the  presence 
of  metastases  in  the  systemic 
circulation  without  their  pre- 
sence in  the  lungs. 

Another  point  of  interest 
which  has  been  brought  forward 
by  recent  research  in  connexion 
with  the  metastases  of  carcinoma 
is  the  relation  of  the  vascular 
endothelium  to  the  growth  of 
secondary  deposits.  It  is  said 
that  an  embolus  of  cancer  cells 
undergoes  little  or  no  prolifera- 
tion whilst  the  endothelium  re- 
mains intact ;  and  that  the 
blood-plasma  exerts  no  destruc- 
tive action  on  the  cells,  which 
may  remain  quiescent  for  an 
indefinite  period  within  the  ves- 
sel. As  soon,  however,  as  the 
endothelium  is  destroyed,  a 
stroma  reaction  takes  place. 
Fig.  110. —Embolus  of  carcinoma  new  vessels  and  fibroblasts 
cells  surrounded  by  organized  tissue  penetrate  into  the  cancerous 
in  a  branch  of  the  pulmonary  mass,  and  the  cells  of  the  latter 
artery  At  .  the  carcinoma  cells  proliferate  into  the  surrounding 
are  intact ;   at  a  they  are  under-  f.  n  ■,  i 

going  degenerative  changes.  ti^^ues  as  a  definite  secondary 

(  This  and  the  t.vo  preceding  /Igurcs  are  ajter      HOdulc  of  grOWth. 

M.  B.  Schmidt     Die  l-erircitung.nuege  der  Although    SUch  obsCrvatioUS 

show  that  emboli  of  the  cells  of 
malignant  tumours  do  not  necessarily  develop  into  secondary  growths, 
it  is  still  certain  that  direct  invasion  of  the  vascular  system  is  an 
important  route  by  which  dissemination,  especially  in  the  case  of 
the  sarcomas,  takes  place.    A  special  instance  of  the  same  process 
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is  frequently  observed  in  cases  of  malignant  disease  occurring  within 
the  area  drained  by  the  portal  vein,  and  thus  in  abdominal  carcinoma 
it  is  very  common  to  find  the  liver,  with  perhaps  the  lymphatic  glands 
corresponding  to  the  site  of  the  primary  growth,  to  be  the  only  seat 
of  secondary  deposits. 

It  has  already  been  pointed  out  that  in  the  zone  of  infiltration 
around  a  malignant  growth,  especially  the  carcinomas,  the  tumour 
cells  can  be  demonstrated  in  the  lymph-vessels,  by  means  of  which 
they  readily  reach  the  nearest  set  of  lymphatic  glands  and  occasion 
the  enlargement  which  is  so  frequently  the  first  evidence  of  metastasis. 
In  the  early  stages  the  invasion  of  a  lymj^hatic  gland  is  usually  evidenced 
by  nodules  of  growth  in  the  sinuses  of  the  cortex,  but  later  the  disease 
spreads  to  the  medullary  portion,  and  eventually  the  gland  is  replaced 
by  a  uniform  mass  of  growth.  From  the  gland  first  affected  the 
disease  tends  to  spread  to  others  until  many  adjacent  sets  become 
involved.  In  this  way  the  natural  course  of  the  lymph-stream  must 
be  seriously  obstructed,  and,  in  consequence,  the  flow  from  the  site 
in  which  the  primary  growth  is  situated  may  be  diverted  into  neigh- 
boiiring  lymphatic  areas,  producing,  according  to  some  observers,  a 
retrograde  embolism  of  cancer  cells  and  an  invasion  of  the  lymphatic 
glands  of  other  regions. 

In  dealing  with  the  dissemination  of  malignant  disease  by  the 
lymphatic  system  it  is  necessary  to  refer  to  the  important  part  played 
by  the  thoracic  duct.  Since  Weigert  reported  a  case  in  which  the 
duct  was  completely  blocked  by  a  deposit  of  carcinoma  secondary 
to  a  growth  in  the  rectum,  many  cases  have  been  recorded  in  which 
a  similar  condition  was  present,  or  in  which  a  secondary  deposit  of 
growth  in  the  hanphatic  glands  above  the  left  clavicle  has  been 
associated  with  deposits  of  growth  in  the  duct. 

Sampson  Handley,  by  observations  made  chiefly  in  connexion 
with  carcinoma  of  the  breast  and  melanotic  sarcoma  of  the  skin, 
strongly  supports  the  view  that  many  of  the  phenomena  of  metastasis 
usually  assigned  to  dissemination  by  way  of  the  blood-stream  are 
in  reality  due  to  extension  along  lymphatic  vessels.  According  to 
him,  the  tumour  cells  are  not  carried  merely  in  the  direction  of  the 
lymph-stream,  but  sjDread  in  ever-increasing  circles  by  active  growi^h 
along  the  lymphatic  vessels  (lymphatic  permeation)  from  the  primary 
tumour.  In  this  way  it  is  supposed  that  even  distant  parts  may  be 
reached  and  secondary  deposits  produced,  whilst  the  direct  connexion 
of  the  latter  with  the  primary  growth  is  interrupted  by  the  degeneration 
of  the  cancerous  lymphatics  as  the  result  of  an  inflammatory  fibrosis 
which  occurs  around  them.  Handley  has  applied  this  tlieory  of 
direct  lymphatic  permeation  to  explain  some  of  the  phenomena  of 
abdominal  metastasis  in  cases  of  mammary  carcinoma,  and  supposes 
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that  tlie  invasion  of  the  abdominal  cavity  occurs  by  way  of  the  com- 
munication of  the  parietal  and  abdominal  lymphatics,  especially  in 
the  region  of  the  epigastrium.  Having  once  reached  the  peritoneal 
cavity,  the  further  extension  of  the  disease,  it  is  supposed,  may  be 
dependent  upon  a  simple  process  of  transplantation  of  the  cancer 
cells  on  the  serous  membrane  and  their  subsequent  growth  into  the 
subjacent  viscera — as,  for  instance,  the  ovaries.  Whilst  fully  re- 
cognizing the  value  of  Handley's  work,  we  cannot  entirely  accept 
his  conclusions  regarding  the  part  played  by  the  lymphatic  and  circu- 
latory systems  respectively  in  the  dissemination  of  malignant  disease, 
and  find  it  difficult  to  believe  that,  for  instance,  the  metastases  of 
mammary  carcinoma  in  the  bones  occur  by  way  of  the  lymphatics. 

A  primary  malignant  growth  is  usually  single,  but  a  considerable 
number  of  cases  are  on  record  in  which  two  or  more  such  tumours 
have  occurred  in  the  same  individual  and,  being  instances  of  different 
forms  of  growth,  cannot  be  regarded  as  secondary  one  to  another. 
Thus,  among  numerous  cases  of  this  kind  recorded  by  Beadles  is  one 
of  spheroidal-celled  carcinoma  of  the  breast  and  squamous-c  elled  carci- 
noma of  the  cervix  uteri,  and  another  of  carcinoma  of  the  breast  and 
sarcoma  of  the  skin  of  the  groin.  Getting  also  has  placed  on  record  the 
case  of  a  man,  aged  58,  who  had  carcinoma  of  the  larynx  with  secondary 
growths  in  the  lymphatic  glands,  carcinoma  of  the  pylorus,  and  car- 
cinoma of  the  rectum.  Such  exceptional  cases  do  not  invahdate  the 
general  rule  that  a  primary  malignant  tumour  is  usually  solitary. 

Causation  of  malignant  tumours. — Already,  in  speaking 
of  the  nature  and  causation  of  tumours  in  general,  reference  has  been 
made  to  some  of  the  views  which  have  been  held  concerning  the  origin 
of  malignant  as  well  as  benign  growths.  For  instance,  it  has  been 
pointed  oixt  that,  according  to  some  authorities,  tumours  originate, 
not  in  the  ordinary  cells  of  the  tissues,  but  in  cells  of  an  embryonic 
type,  which  remain  among  the  ordinary  tissues,  ready  under  the 
influence  of  some  unknown  cause  to  take  on  the  independent  growth 
which  results  in  the  formation  of  a  tumour.  Applying  this  considera- 
tion to  tumours  of  the  malignant  type,  the  same  question  arises,  but 
in  any  case  the  histological  evidence  tends  to  show  that  the  growth 
of  such  tumours  takes  place  by  a  continuous  multiplication  of  the 
cells  in  which  they  originate,  and  not  by  the  progressive  implication 
of  neighbouring  cells  in  the  abnormal  mode  of  growth.  For  instance, 
in  a  squamous-celled  carcinoma  of  the  sldn  the  epidermal  cells  in 
the  neighbourhood  of  the  spreading  tumour  appear  merely  to 
undergo  secondary  changes  caused  by  the  growth  of  the  tumour, 
and  to  take  no  share  in  the  extension  of  the  disease.  The  problem 
of  the  cause  of  malignant  tumours  may,  indeed,  be  presented  by  the 
question — What  occasions  the  abnormal  proliferation  of  connective- 
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tissue  cells  by  which  they  become  a  sarcoma,  or  of  epithelial  cells 
which  constitutes  the  growth  of  a  carcinoma  ?  In  a  more  concrete 
form  the  question  presents  itself  thus — Is  the  growth  of  a  malignant 
tumour  caused  by  a  specific  infective  agent  entering  the  body  from 
without,  or  by  some  permanent  modification  of  the  metabolic  processes 
of  the  cells  ? 

On  general  grounds  several  difiiculties  present  themselves  in 
accepting  the  view  that  malignant  growths  are  infective  in  nature 
and  caused  by  a  microbic  agent.  In  undoubtedly  infective  diseases, 
such  as  tuberculosis,  the  extension  of  the  disease  occurs  in  inverse 
proportion  to  the  vitality  of  the  tissues,  whereas  in  the  case  of  malig- 
nant tumours  it  is  proverbial  that  the  growth  is  most  rapid  in  the 
young  and  vigorous,  and  correspondingly  slow  in  aged  subjects  with 
tissues  of  lowered  vitality.  This  suggests  that  the  extension  of  a 
malignant  growth  is  in  some  way  dependent  upon  the  vitality  of  the 
tissues  in  which  it  lies.  Again,  it  may  be  argued  that  if  malignant 
growths  were  due  to  a  microbic  agent  their  spontaneous  arrest  and 
involution  would  not  be  very  uncommon,  whereas  such  an  occurrence, 
as  will  be  seen  subsequently,  is  one  of  extreme  rarity. 

The  following  consideration  in  relation  to  the  metastases  of  car- 
cinoma has  a  similar  bearing.  The  secondary  growths  almost  always 
correspond  in  a  very  striking  manner  with  the  primary  growth,  and 
the  co-existence  of  carcinomas  of  dift'erent  structure  is  extremely 
rare.  If  the  cells  of  a  carcinoma  contain  a  living  parasitic  agent, 
upon  which  the  cell  proliferation  depends,  it  might  be  supposed  that 
this  infective  body,  carried  to  parts  in  which  epithelium  of  another 
t}^e  exists,  would  cause  the  development  of  a  corresponding  form 
of  carcinoma,  or — to  give  an  example  of  what  might  be  expected,  but 
as  a  matter  of  fact  does  not  occur — a  spheroidal-celled  carcinoma  of 
the  breast  involving  the  skin  would  be  likely  to  infect  the  squamous 
epithelium  of  the  latter  and  cause  the  growth  of  a  squamous-celled 
carcinoma. 

In  the  search  for  parasitic  bodies  in  the  cells  of  malignant  tumours 
the  carcinomas  have  cliiefly  been  the  subject  of  investigation,  and 
observers  too  numerous  to  mention  have  described  and  figured  cancer 
cells  in  which  bodies  believed  to  be  parasites  were  present.  The 
earliest  observers  regarded  the  supposed  parasites  as  bacterial  in 
nature,  until  bodies  resembling  coccidia  were  described  by,  amongst 
others,  Darier  and  Wickham,  who  saw  them  in  the  epithelial  cells  of 
Paget's  disease  of  the  nipple,  a  form  of  chronic  dermatitis  which 
stands  in  a  close  causal  relation  to  carcinoma  of  the  breast.  Later  ap- 
peared the  observations  of  Russell,  Soudakewitch,  Ruffer  and  Walker, 
Phmmer,  Sanfehce,  and  others.  The  work  of  Rufier  and  Wallcer  was 
of  especial  interest  because  the  intracellular  bodies  described  l)y  them 
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were  regarded  as  protozoa,  whilst  Sanfelice  and  others  considered 
that  the  "  parasites  "  of  carcinoma  were  blastomycetes,  a  variety  of 
the  yeast  fungus.  The  bodies  described  by  Plimmer  varied  in  size 
from  0'004  mm.  to  0-04  mm.  or  more  in  diameter,  and  consisted  usually 
of  a  central  nucleus,  surrounded  by  a  layer  of  protoplasm  and  a  capsule. 
The  process  of  multiplication  usually  occurred  by  budding,  or  by 
division  of  the  nucleus  and,  later,  of  the  capsule.  In  another  form 
of  division  a  process  of  segmentation  occurred  with  the  production 
of  a  number  of  parasites,  each  surrounded  by  its  own  capsule. 
Plimmer's  investigations  included  an  apparently  successful  attempt 
to  cultivate  the  parasitic  bodies  on  various  culture  media  and  the 
production  of  new  growths,  mostly  of  an  endothelial  nature,  by 
inoculation  of  animals — especially  in  the  lungs  and  peritoneum  of  the 
guinea-pig. 

The  value  of  the  work  briefly  mentioned  above  is  very  great  when 
regarded  merely  as  observations  of  histological  appearances  in  cancer 
cells,  but  the  interpretation  of  the  facts  observed  has  led  to  much 
discussion,  the  outcome  of  which  is  that  the  bodies  in  question  are 
for  the  most  part  not  parasitic,  but  can  be  explained  as  the  various 
forms  of  cell  degeneration,  endogenous  cell  division,  cell  inclusions, 
or  irregular  forms  of  mitosis.  The  bodies  described  by  Plimmer  and 
cultivated  by  him  in  artificial  media  must  be  regarded  as  some  simple 
form  of  micro-organism  of  the  nature  of  blastomycetes,  and  as  having 
no  causal  significance  in  the  production  of  the  malignant  growths  in 
which  they  were  foimd. 

The  researches  of  Farmer,  Moore  and  Walker  on  the  mode  of  cell 
division  in  cancerous  growths  appeared  to  throw  some  light  on  the 
nature  of  malignancy,  and  to  suggest  that  a  modification  in  the  normal 
process  of  cell  growth  was  the  essence  of  the  morbid  process.  It  was 
already  known  that  the  chromatin  in  the  cells  of  cancerous  growths 
is  liable  to  be  diminished  in  amount,  and  von  Hansemann  attributed 
this  diminution  to  pathological  causes,  such  as  an  asymmetrical 
division  in  which  an  imequal  number  of  chromosomes  passes  into 
the  daughter  nuclei,  or  a  process  of  casting-out  of  chromosomes  in 
which  certain  of  the  latter  become  displaced  from  the  achromatic 
spindle  and  fail  to  be  included  in  the  daughter  nuclei.  Farmer,  Moore 
and  Walker,  on  the  other  hand,  attempted  to  show  that  the  diminution 
of  chromatin  in  cancer  cells  is  an  exact  halving  of  the  amount ;  that 
the  process  is  one  of  reduction-division,  identical  with  that  occurring 
normally  in  the  reproductive  cells  of  plants  and  animals  preparatory 
to  fertilization.  The  tissues  of  a  carcinoma  would,  according  to  this 
view,  correspond  to  the  gametogenetic  tissue  arising  in  plants  and 
animals  by  this  process  of  reduction-division.  Farmer,  Moore  and 
Walker  indicate  the  analogy  between  the  two  tissues  by  designating 
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the  cancerous  tissue  "  gametoid  tissue."  Tlie  fundamental  fact  of 
the  exact  halving  of  the  chromosomes  in  cancerous  growths  remains, 
however,  unconfirmed,  and  some  subsequent  observers  have  denied 
that  it  occurs. 

Closely  related  to  the  question  of  the  nature  and  causation  of  malig- 
nant growths  is  the  subject  of  their  communicability  from  one 
individual  to  another.  Evidence  of  the  communicability  of  malignant 
growths  may  be  sought  for  accidentally  in  the  human  subject  and  ex2>eri- 
mentally  in  the  lower  animals.  In  view  of  the  great  frequency  of 
the  disease,  it  is  remarkable  how  very  few  cases  are  on  record  which 
appear  to  illustrate  its  transmission  from  one  individual  to  another. 
Such  an  occurrence  might  naturally  be  expected  to  occur,  if  at  all, 
in  cases  of  superficial  disease,  and  especially  in  ulcerated  carcinomas 
of  the  skin  and  mucous  membranes.  Among  the  recorded  cases  are 
a  few  in  which  carcinoma  appears  to  have  been  transmitted  by  coitus 
from  the  genitalia  of  one  sex  to  those  of  the  other,  and  among  other 
examjDles  may  be  mentioned  a  few  instances  in  which  a  surgeon  has 
been  believed  to  become  inoculated  during  an  operation  on  a  cancerous 
patient.  The  accidental  communication  of  the  disease  from  man  to 
the  lower  animals,  and  vice  versa,  has  also  been  reported. 

The  experimental  transmission  of  malignant  growths  in  the  lower 
animals  lias  been  the  subject  of  much  investigation  during  recent  years 
both  in  this  country  and  abroad.  Hanau,  in  1889,  and  Moreau,  in  1894, 
made  successful  transplantations  of  mahgnant  growths.    The  former 
transplanted  a  carcinoma  of  the  vulva  from  rat  to  rat,  and  the  latter 
a  mammary  carcinoma  from  mouse  to  mouse.    Jensen  and  Borel  fol- 
lowed up  these  observations  witli  an  exact  investigation  of  the  process 
of  transplantation  ;  and  subsequent  workers,  especially  in  connexion 
witli  the  Imperial  Cancer  Research  Fund,  have  added  to  our  knowledge 
of  the  cancerous  process.    Thus,  among  other  important  observations, 
it  has  been  shown  that  of  the  two  elements  of  a  cancerous  graft — the 
stroma  and  the  epithelium — the  former  degenerates,  the  ej^ithelium 
alone  constituting  the  essential  part  of  the  growth,  whilst  a  new  stroma 
is  developed  as  the  result  of  a  reaction  in  the  surrounding  tissues. 
It  has  also  been  shown  that  the  primary  transplantation  of  a  carci- 
noma is  more  difficult  to  effect  than  subsequent  transplantations,  and 
from  this  it  has  been  concluded  by  Bashford,  Murray,  and  Haaland 
that  the  epithelial  cells  of  the  growth  become  modified  by  a  process 
of  adaptation  in  successive  transplantations.    Of  especial  interest  is 
an  observation  of  Ehrlich  and  Apolant,  that  in  a  certain  number  of 
cases  a  transplanted  mouse-carcinoma  may  give  rise  to  sarcoma  in 
conj  unction  with  the  epithelial  growth — the  first  evidence  of  the  experi- 
mental production  of  a  malignant  gro\\i;h  de  novo.    It  has  been  suggested 
that  the  sarcoma,  in  such  cases,  arises  through  some  action  on  the  part 
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of  the  epitlielial  tumour  cells  in  the  newly  formed  stroma  ;  but  a  second, 
and  perhaps  more  probable,  hypothesis,  advocated  especially  by 
Haaland,  is  that  certain  of  the  connective-tissue  elements  of  the  graft 
escape  the  usual  degeneration  and  by  a  process  of  adaptation  become 
established  in  successive  transplantations,  and  thus,  with  or  without 
the  influence  of  the  cells  of  the  epithelial  growths,  form  the  nuclei 
of  sarcomatous  formations,  which  may  occasionally  in  the  course  of 
successive  transplantations  eliminate  the  epithelial  element  and  become 
pure  sarcoma. 

In  1901-3,  Jensen  recorded  the  complete  disappearance  of  tumours 
from  mice  which  had  been  successfully  inoculated  with  carcinoma, 
and  suggested  that  this  was  due  to  natural  refractoriness  of  the  tissues 
of  the  inoculated  animals,  and  possibly  also  to  a  resistance  produced 
by  absorption  of  the  inoculated  material.  Following  up  this  line  of 
investigation,  Bashford,  Murray,  and  Cramer  have  proved  that  mice 
in  which  a  growing  carcinoma  has  been  spontaneously  absorbed  may 
be  found  to  be  completely  immune  to  subsequent  inoculation  ;  and 
further,  that  animals  in  which  no  spontaneous  g■ro^\'th  has  occurred 
may  be  rendered  immune  by  inoculation  of  tumour  material  or  of 
normal  mouse  tissue  or  blood.  It  does  not,  however,  appear  that  a 
diminished  liability  to  the  development  of  a  spontaneous  growth  is 
induced  by  these  procedures,  nor  has  any  evidence  been  obtained  that 
any  antibodies  are  present  in  the  serum  of  mice  naturally  or  artificially 
resistant  to  cancer. 

AlKed  to  the  question  of  the  communicability  of  carcinomatous 
and  other  malignant  growths  is  that  of  their  auto-inocu lability. 
The  evidence  on  this  subject  was  carefully  discussed  by  Butlin  in  the 
Bradshaw  Lecture  delivered  before  the  Royal  College  of  Surgeons 
in  1905.  Butlin  showed  how  very  few  of  the  cases  supposed  to  illustrate 
the  possibility  of  the  inoculation  of  cancer  from  one  part  of  the  body 
to  another  by  mere  contact  will  bear  full  investigation.  The  evidence, 
however,  seems  conclusive  that  such  an  event  does  occasionally  occur. 
Among  the  most  striking  examples  are  those  showing  the  spread  of 
cancer  from  one  side  of  the  vulva  to  the  other,  the  growths  being  on 
parts  which  are  naturally  in  contact,  but  the  two  growths  having  no 
direct  continuity  across  the  middle  line.  Similarly,  Newman  of 
Glasgow  has  recorded  a  case  in  which  a  squamous  carcinoma  of  the 
left  false  vocal  cord  was  followed  by  the  development  of  a  similar 
ulcer  on  the  right  cord.  The  nature  of  each  growth  was  confirmed 
by  microscopic  examination,  and  there  was  no  continuity  between 
them  either  in  front  or  behind.  In  the  lips  Butlin  was  able  to  find 
only  one  instance  of  auto-inoculation  of  which  the  truth  seemed  beyond 
dispute.  The  case,  recorded  by  von  Bergmann,  was  that  of  a  man 
who  had  a  cancer  of  the  middle  of  the  lower  lip,  and  exactly  opposite 
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to  it  on  the  u^^per  lip  was  a  similar  growth.  Both  growths  were 
removed  and  their  nature  was  confiruied  by  microscopic  examination. 
Macewen  comnrunicated  to  Butlin  the  following  extraordinary  case  : 
A  man  with  an  ulcerated  carcinoma  of  the  lower  lip  had  contracted 
the  habit  of  rubbing  the  lip  and  then  the  tip  of  the  nose  with  the 
same  finger.  Twenty  months  after  the  removal  of  the  disease  of  the 
lip  the  patient  returned  with  a  large  ulcer  on  the  tip  of  his  nose.  This 
was  also  removed  ;  it  presented  the  same  microscopic  structure  as  the 
ulcer  of  the  lip.  In  considering  this  subject  it  is  important  to  remember 
that  multiple  developments  of  carcinoma  are  not  very  uncommon  in 
parts  which  are  the  seat  of  a  precancerous  condition,  and  in  such 
cases,  for  instance,  as  those  apparently  illustrating  inoculation  by 
contact  in  the  vulva,  it  is  conceivable  that  in  some  instances  both 
growths  arise  independently  in  a  part  already  predisposed  to  the 
disease. 

The  possibility  of  auto-inoculation  has  an  obviously  important 
bearing  on  operations  undertaken  for  malignant  disease,  and  suggests 
the  importance  of  avoiding  contamination  of  the  divided  tissues  from 
the  surface  of  an  ulcerated  growth  or  from  exj^loratory  incisions  made 
into  it.  In  a  striking  case,  recorded  by  Watson  Che}Tie,  it  was  necessary 
to  perform  a  laryngotomy  hurriedly  with  the  Imife  which  was  being 
used  to  excise  a  sarcoma  of  the  upper  jaw.  Subsequently  the  only 
evidence  of  recurrence  was  a  nodule  of  growth  in  the  scar  resulting 
from  the  laryngotomy. 

The  outcome  of  the  above  considerations  concerning  the  com- 
municability  of  malignant  growths  in  man  and  in  certain  of  the  lower 
animals,  and  the  occasional  auto-inoculation  in  the  human  subject, 
is  merely  to  show  that  in  favourable  circumstances  the  living  cells 
of  the  tumour  can  continue  to  grow  in  their  new  surroundings — a 
modified  instance  of  the  phenomenon  of  metastasis.  No  proof  is 
thereby  afforded  that  the  disease  is  infective.  Indeed,  in  our  present 
state  of  knowledge  it  must  be  allowed  that  the  existence  of  a  living 
parasite  in  malignant  growths  has  not  been  proved,  and  still  less  has 
any  real  success  attended  the  attempts  made  to  cultivate  any  such 
parasite  outside  the  body  and  to  reproduce  a  similar  malignant  growth 
by  inoculation. 

Predisposing  causes  of  malignant  tumours. — In  con- 
sidering the  causation  of  malignant  growths,  perhaps  the  most 
clearly  estabhshed  fact  is  the  frequent  development  of  the  disease 
in  tissues  which  are  already  altered  by  various  chronic  inflammatory 
changes,  often  resulting  from  long-standing  irritation.  So  close  appears 
to  be  the  connexion  in  some  instances,  that  certain  definite  precancerous 
conditions  are  recognized.  It  is,  indeed,  in  carcinoma  that  the  relation 
of  the  disease  to  chronic  irritation  is  most  strildng,  and,  as  might 
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be  expected,  particularly  in  tliose  superficial  forms  of  the  disease  wliicli 
affect  tlie  slcin  and  mucous  membranes.  In  dealing  with  the  different 
varieties  of  carcinoma  of  the  skin,  reference  will  be  made  from 
time  to  time  to  this  subject,  and  it  is  only  necessary  in  this  place  to 
mention  such  striking  instances  as  the  development  of  cancer  of  the 
skin  in  chimney-sweeps  and  in  workers  with  tar  and  paraffin,  its 
occurrence  in  the  Kashmiris  from  the  irritation  of  the  sldn  of  the 
abdomen  and  thighs  caused  by  portable  stoves  of  heated  charcoal, 
and  the  still  more  strildng  occurrence  of  the  disease  fi'om  the  prolonged 
action  of  X-rays.  In  all  these  instances  a  dermatitis,  usually  of  long 
duration,  precedes  the  actual  development  of  the  mahgnant  growth. 
The  nature  of  the  irritant  evidently  varies  widely,  and  may  be 
mechanical,  thermal,  chemical,  or  infective  ;  but  in  some  instances 
the  causation  is  possibly  more  complex,  as  in  the  cancer  of  the  scrotum 
occurring  in  chimney-sweeps,  in  which  it  is  uncertain  whether  the 
irritation  is  mechanical  or  due  to  some  chemical  constituent  of  the 
soot,  such  as  arsenic,  which  it  is  known  can  by  internal  administration 
occasion  a  chronic  dermatitis  upon  which  carcinoma  sometimes  super- 
venes. In  the  case  of  squamous  carcinoma  of  the  skin  it  may  indeed  be 
said  that  the  disease  very  rarely  arises  in  a  previously  normal  surface, 
and  its  occurrence  in  ulcers,  sinuses,  and  cicatrices  will  subsequently 
be  mentioned. 

Lenthal  Cheatle,  from  an  extensive  series  of  observations  of  carci- 
noma of  the  skin,  has  suggested  that  the  action  of  chronic  irritation 
in  causing  the  disease  may  take  place,  in  part  at  least,  by  its  effect 
upon  the  peripheral  nerves.  He  has  found  instances  in  which  squamous 
carcinoma  arises  at  those  points  at  which  the  superficial  nerves  become 
cutaneous,  and,  especially  in  the  case  of  growths  involving  the  skin 
of  the  face,  has  adduced  evidence  which  seems  to  suggest  that  the 
spread  of  the  disease  is  influenced  by  the  cutaneous  nerve  distribution. 
Cheatle  has  extended  his  observations  to  the  posterior  root  ganglia 
corresponding  to  the  nerves  supplying  the  area  of  incidence  of  cutaneous 
cancer,  and  claims  in  more  than  one  case  to  have  found  distinct 
evidences  of  inflammatory  change  in  them.  If  the  facts  observed  in 
this  connexion  are  more  than  accidental,  they  suggest  that  the  role  of 
chronic  irritation  in  the  causation  of  malignant  disease  is  more  complex 
than  is  usually  supposed. 

In  the  mucous  membranes  many  striking  illustrations  of  the  effect 
of  chronic  irritation  are  seen,  although,  partly  on  account  of  the  greater 
difficulty  of  observation,  they  are  less  numerous  than  in  the  skin. 
Reference  may,  however,  be  made  to  the  supervention  of  cancer  of  the 
tongue  upon  chronic  superficial  glossitis,  and  its  occasional  occurrence 
in  the  gall-bladder,  and  less  frequently  the  pelvis  of  the  Iddney,  in 
association  with  calculi.    In  the  case  of  the  stomach,  opinion  differs 
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widely  regarding  the  frequency  with  which  carcinoma  suj^ervenes 
upon  simple  chronic  ulceration. 

In  those  forms  of  carcinoma,  chiefly  of  the  undifferentiated  type, 
wliich  originate  in  the  epithelium  of  glandular  organs,  the  relation  of 
the  disease  to  previous  chronic  inflammation  and  prolonged  irritation 
is  much  less  clearly  defined,  partly,  no  doubt,  as  the  result  of  the  greater 
difficulty  of  observation.  Talcing  carcinoma  of  the  breast  as  one  of 
the  commonest  forms  of  the  glandular  variety,  it  seems  clearly  proved 
that  in  some  instances  the  disease  arises  in  connexion  with  various 
epithelial  proliferations  associated  with  chronic  mastitis,  although 
in  the  majority  of  cases  there  is  no  clinical  or  pathological  evidence 
of  any  precancerous  condition.  Reference  will,  however,  subsequently 
be  made  to  the  close  connexion  which  sometimes  exists  between  the 
development  of  a  carcinoma  of  the  mamma  and  the  peculiar  form  of 
chronic  dermatitis  of  the  nipple  and  areola  first  described  by  Paget, 
and  known  by  his  name  (p.  .564). 

Carcinoma  of  the  thyroid  supervening  upon  a  simple  goitre,  and  of 
the  prostate  occurring  in  a  gland  already  enlarged,  are  other  instances 
of  interest  in  this  connexion,  and  mention  must  be  made  of  the  fact 
that  a  carcinomatous  change  occasionally  occurs  in  the  epithelium  of 
a  simple  tumour,  such  as  an  adenoma,  papilloma,  or  teratoma. 

A  study  of  sarcoma  shows  that  the  relation  of  this  form  of  malignant 
growth  to  pre-existing  pathological  tissue  change  is  much  less  evident 
than  in  carcinoma.  Whereas  carcinoma  tends  to  develop  more  or  less 
gradually  in  the  middle  and  later  periods  of  life,  and  often  in  already 
damaged  tissues,  sarcoma  is  much  more  common  in  the  earlier  periods 
of  life,  and  develops  usually  more  rapidly  in  tissues  showing  no  evidence 
of  previous  damage.  There  seems,  however,  reason  to  believe  that 
among  the  sarcomas  simple  traumatism  sometimes  stands  in  a 
causal  relation  to  the  development  of  the  growth.  This  connexion  has, 
perhaps,  most  often  been  apparent  in  sarcoma  of  the  bones,  and  a 
striking  illustration  is  afforded  by  the  occasional  development  of  such 
a  tumour  at  the  site  of  a  previous  fracture  (p.  .502).  It  must,  of  course, 
be  remembered  that  an  injury  may  attract  attention  to  an  already 
existing  but  hitherto  unrecognized  tumour,  but  in  the  cases  apparently 
illustrating  the  causal  effect  of  an  injury  to  a  sarcoma  the  interval 
has  been  too  long  to  make  such  an  accidental  connexion  at  all  probable. 

Sarcoma  rarely  develops  in  tumours  of  a  benign  nature,  but  reference 
has  already  been  made  to  the  occasional  development  of  the  disease 
in  cases  of  neuro-fibromatosis  (p.  375),  and  also  to  the  fact  that  an 
endothelioma,  after  a  long  period  of  apparently  benign  growth,  may 
assume  the  characters  of  malignancy  and  become  transformed  into 
an  endothelial  sarcoma  (p.  416).  Mention  may  also  be  made  in  this 
connexion  of  the  not  infrequent  supervention  of  sarcomatous  tumours 
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in  tlie  disease  first  described  by  Paget  and  known  as  osteitis  deformans. 
Among  34  fatal  cases  of  this  disease  collected  by  Elmslie,  death  was 
caused  in  12  by  malignant  growths,  of  which  9  were  primary  sar- 
coma of  bone.  Two  specimens  from  Paget's  cases  are  preserved 
in  the  Museum  of  St.  Bartholomew's  Hospital,  the  sarcoma  being 
in  one  case  in  the  femur  and  in  the  other  in  the  skull.  Lawford 
Ivnaggs  and  Griiner  have  recently  recorded  a  case  in  which  a  sarcoma 
of  the  femur  supervened  upon  a  peculiar  form  of  osteitis,  probably 
'identical  with  that  described  by  Shattock  as  non-calcifjdng  osteitis, 
and  by  von  Eecklinghausen  as  osteitis  fibrosa.  Elmslie  refers  to  a 
specimen  at  St.  Bartholomew's  in  which  a  sarcoma  had  developed  in 
the  site  of  an  old  tuberculous  affection  of  the  knee.  Such  cases 
illustrate  the  fact  that,  although  in  a  much  less  marked  degree  than 
carcinoma,  sarcoma  occasionally  arises  in  tissues  which  are  already 
affected  by  some  non-malignant  pathological  change. 

If  maUgnant  gTowths  are  in  any  sense  dependent  upon  heredity, 
it  is  the  predisposition  of  the  tissues  to  the  development  of  the  disease, 
and  not  the  disease  itself,  which  is  transmitted.  Although  the  theory 
of  the  hereditary  nature  of  cancer  has  been  widely  accepted,  and 
striking  instances  of  its  occurrence  in  several  members  of  the  same 
family  are  not  uncommon,  it  is  questionable  whether  in  general  heredity 
is  an  important  factor  in  the  causation  of  the  disease.  In  such  instances 
as  the  following,  commimicated  to  Bashford  by  Edward  Jessop,  it  is 
difficult,  in  spite  of  general  statistics,- to  avoid  the  conclusion  that  some 
hereditary  influence  is  at  work,  and  further,  that  in  some  families  the 
unusual  liability  to  the  disease  is  especially  manifest  in  some  particular 
organ  or  part,  such  as  the  intestinal  tract.  In  one  instance  a  man, 
one  of  a  family  of  9,  died  of  cancer  of  the  liver,  the  others  being 
all  alive  and  well.  The  patient's  mother  was  one  of  a  family  of  13, 
of  whom  7  died  from  cancer — 2  from  cancer  of  the  bladder,  2  from 
cancer  of  the  liver,  and  1  each  from  cancer  of  the  throat,  uterus,  and 
breast.  In  another  family  of  9  children,  5  died  from  cancer — 4  males 
from  cancer  of  the  cfecum,  and  the  female  from  cancer  of  the  breast. 
The  mother  and  her  brother  also  died  from  cancer,  and  a  son  of  the 
eighth  son  died  from  cancer  of  the  bowel  at  the  age  of  28.  Among 
500  consecutive  cases  of  carcinoma  of  the  breast  treated  in  Univer- 
sity College  Hospital,  there  was  a  family  history  of  maUgnant  disease 
in  81,  and  in  37  of  the  81  cases  the  disease  was  stated  to  have  been 
in  the  breast.  In  one  of  this  series  of  cases  the  patient's  mother 
and  her  sister  died  from  cancer  of  the  breast,  and  the  father's  sister 
from  cancer  of  the  mouth  ;  of  the  patient's  sisters,  2  died  from  cancer, 
1  of  the  stomach  and  1  of  the  breast.  If  heredity  plays  any  impor- 
tant part  in  the  causation  of  the  disease,  it  might  be  expected  that 
it  would  lead  to  its  incidence  before  the  average  age.    In  this  con- 
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nexion  it  may  be  stated  that  among  the  500  cases  of  cancer  of  the 
breast  referred  to  above,  the  average  age  at  which  the  disease  was  first 
noticed  was  49-62  years,  whereas  among  the  81  cases  in  which  any 
evidence  of  heredity  could  be  traced  tlie  average  age  was  48-74  years. 
The  difference  in  this  series  of  cases  is  so  small  as  to  be  negligible, 
but  individual  cases  of  carcinoma  occurring  at  an  unusually  early  age 
are  sometimes  met  with,  as  in  one  of  the  families  mentioned  above, 
in  which  the  probable  eifect  of  heredity  cannot  be  disregarded. 

A  study  of  the  geographical  and  zoological  distribution  of  car- 
cinoma shows  that  it  occurs  in  all  parts  of  the  woi'ld  and  in  all  classes 
of  vertebrates.  There  is  no  proof  that  it  occurs  endemically,  and 
the  evidence  that  the  disease  is  more  prevalent  in  some  districts  than 
in  others,  and  that  in  certain  houses  successive  inmates  have  died 
from  it,  is  not  sufficient  to  suggest  the  exi.stence  of  any  external  ex- 
citing cause.  The  greater  prevalence  of  certain  forms  of  cancer  in 
jjarticular  districts  can  usually  be  explained  by  causes  other  than  any 
climatic  influence.  Thus,  the  frequency  of  cancer  of  the  mouth  in  the 
women  of  India  and  Ceylon  is  not  due  to  the  mere  fact  of  locality, 
but  to  the  practice  of  chewing  betel  nut  to  which  the  women  in  those 
countries  are  addicted. 

The  most  striking  fact  with  regard  to  the  age  at  which  malignant 
disease  usually  occurs  is  that  sarcoma  is  most  common  in  childhood 
and  early  adult  life,  and  carcinoma  in  the  middle  and  later  periods. 
If  a  curve  representing  the  frequency  of  carcinoma  at  the  different 
age-periods  is  studied  it  will  be  found  that  from  birth  to  the  age  of 
20  it  practically  does  not  rise  :  from  20  to  40  a  very  slight  and  gradual 
rise  occurs,  after  which  the  curve  rises  with  a  sudden  and  steep  ascent 
to  the  maximum  at  about  55,  whilst  in  advanced  years  there  is  again  a 
rapid  fall. 

The  average  age  at  which  carcinoma  is  most  common  varies  some- 
what with  the  different  forms  of  the  disease.  Thus,  it  is  somewhat 
earlier  in  the  stomach  than  in  the  rectum,  in  the  tongue  than  in  the 
lips,  and  in  the  uterus  than  in  the  breast. 

Many  instances,  proj^erly  authenticated,  of  the  occurrence  of  carci- 
noma in  early  life  have  been  recorded.  In  a  paper  dealing  with  this 
subject,  by  PhilUp  of  Zwickau,  the  most  striking  published  cases  have 
been  collected.  i\.mong  them  are  the  following  :  Bethe's  case  of  cancer 
of  the  rectum  in  a  boy  of  10,  with  secondary  growths  in  the  lymphatic 
glands,  liver,  and  mediastinum  ;  Norman  Moore's  case  of  carcinoma  of 
the  stomach  in  a  girl  of  13  ;  Kiihn's  case  of  cancer  of  the  pancreas  in 
a  child  of  2,  with  a  secondary  growth  in  the  Imig  ;  and  Braunsta's 
case  of  squamous  carcinoma  of  a  burn  scar  on  the  forearm  of  a  girl 
of  12.  As  far  as  we  laiow,  the  earliest  recorded  case  of  carcinoma  of 
the  uterus  is  that  by  Ganghofner,  in  which  the  disease  began  at 
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the  age  of  8  years  ;  of  the  breast,  Henry's  case,  in  which  the  patient 
was  21  years  old. 

Bashford  has  very  rightly  insisted  that  in  considering  the  age- 
incidence  of  cancer  it  is  necessary  to  distinguish  between  the  origin 
of  the  disease  and  its  growth.  Although  carcinoma  rarely  begins  in 
early  life,  yet  in  such  cases  the  disease  usually  exhibits  an  extreme 
degree  of  malignancy  and  rapidity  of  growth,  and  in  the  same  way 
young  animals  receive  the  disease  by  experimental  transference  more 
easily  than  old  ones.  The  tissues  of  a  young  subject  are  not  prone 
to  develop  cancer,  but  are  particularly  favourable  to  its  growth 
should  it  occur. 

In  considering  the  relative  liability  of  the  two  sexes  to  malig- 
nant disease,  reference  will  be  made  only  to  carcinoma,  as  its  much 
greater  frequency  renders  it  more  favourable  for  study  than  sarcoma. 
Carcinoma  is  more  common  in  women  than  in  men,  because  of  the  great 
liability  of  the  uterus  and  female  breast  to  the  disease  ;  but,  excluding 
disease  in  these  parts,  cancer  is  more  common  in  men  than  in  women. 
Bashford  finds  that  in  the  seven  years  ending  with  1907  the  male 
mortality  from  the  disease,  excluding  cancer  of  the  generative  and 
mammary  organs,  was  730  per  million,  and  the  female  mortality, 
with  the  same  reservation,  594  per  million  ;  the  total  deaths,  includ- 
ing all  forms  of  cancer,  being  84,800  males  and  122,964  females. 
Among  all  forms  of  cancer  in  the  female,  about  50  per  cent,  occur 
in  the  uterus  and  breast,  so  that  if  these  be  excluded,  and  the  per- 
centages for  other  organs  in  the  female  doubled,  a  standard  of 
comparison  between  the  two  sexes  is  obtained.  Thus,  according 
to  the  Danish  statistics  of  Fibiger  and  Trier,  cancer  of  the  stomach 
in  the  male  accounts  for  31  "9  per  cent,  of  all  cases,  and  in  the  female 
16'2  per  cent. ;  whereas,  excluding  disease  in  the  breast  and  uterus, 
cancer  of  the  stomach  in  the  female  accounts  for  32'7  per  cent., 
approximately  the  same  as  in  the  male. 

Referring  to  some  of  the  other  situations  in  which  cancer  is 
especially  common,  it  will  be  found  that  the  disease  in  the  tongue 
and  throat,  lip,  oesophagus,  and  rectum  is  more  common  in  men  than 
in  women,  whilst  in  the  gall-bladder  it  is  more  common  in  women 
than  in  men.  These  variations  in  the  incidence  of  carcinoma  in 
different  situations  in  the  two  sexes  are  doubtless  due,  not  to  any 
inherent  difference  in  the  susceptibility  of  the  tissues,  but  to  their 
varying  exposure  to  chronic  irritation  and  other  causes.  Thus,  the 
greater  liabiHty  of  the  gall-bladder  in  the  female  must  be  considered 
in  relation  with  the  fact  that  gall-stones  are  much  more  common  in 
that  sex,  and  that  in  probably  80  or  90  per  cent,  of  cases  of  cancer 
of  this  part,  gall-stones  are  present. 

Before  leaving  the  subject  of  the  causation  of  malignant  disease, 
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it  may  be  stated  tliat  tlie  popular  idea  that  tliere  has  been  a  steady 
increase  in  the  frequency  of  cancer  is  probably  erroneous.  The 
supposed  increase  is  certainly  to  a  large  extent,  if  not  altogether, 
explicable  by  the  increasing  accuracy  with  which  the  disease  is  detected 
and  recorded,  and  by  the  fact  that  an  increasingly  large  number  of 
individuals  reach  the  age  at  which  cancer  becomes  common. 

Clinical  course  of  a  malignant  tumour. — In  view 
of  the  great  diversity  presented  by  the  course  of  a  mali,unant  growth, 
dependent  chiefly  upon  its  nature  and  position,  it  is  impossible  to 
give  any  general  description  which  is  applicable  to  the  different 
varieties.  Be3'ond  the  fact  that,  unless  successfully  removed  whilst 
in  a  localized  condition,  such  widely  different  tumours  as  a  soft  round- 
celled  sarcoma  and  a  hard  shrinking  carcinoma  will  eventually  destroy 
life,  it  is  hardly  possible  to  mention  a  single  feature  which  is  common 
to  both.  Certain  popular  fallacies  with  regard  to  a  malignant  tumour 
cannot  be  too  often  or  too  energetically  exposed.  These  fallacies  are  : 
(1)  That  a  malignant  growth  is  necessarily  painful  :  (2)  that  it  makes 
rapid  progress  ;  and  (3)  tliat  it  is  attended  with  loss  of  flesh  and  general 
deterioration  of  the  health.  All  tliese  evidences  of  malignancy  may 
be  conspicuous  by  their  absence.  Thus,  to  give  a  striking  example, 
the  very  common  hard  form  of  cancer  of  the  female  breast  may  present 
itself  as  an  altogether  insignificant  small  hard  lump,  unattended  with 
pain  or  even  discomfort,  scarcelj^  varying  in  size  in  many  months 
or  even  several  years,  and  unassociated  with  any  recognizable  eft'ect 
on  the  nutrition  or  general  health  of  the  patient. 

In  the  same  way  a  small  shrinking  cancer  of  the  pylorus  may 
occasion  a  degree  of  ill-health  not  more  marked  than  would  be  caused 
by  an  equal  degree  of  pyloric  obstruction  due  to  a  fibrous  stricture. 
In  the  large  majority  of  cases  the  recognition  that  a  tumuor  is  malig- 
nant must,  in  the  early  stages  at  least,  when  a  correct  diagnosis  is  of 
incalculable  importance,  be  based  upon  the  physical  examination  of 
the  tumour  itself  and  not  upon  the  history  of  its  growth  or  the  general 
condition  of  the  patient.  Early  loss  of  flesh  is  very  rare  unless  from 
its  position  the  tumour  interferes  with  the  normal  processes  of  digestion. 
For  example,  the  emaciation  caused  by  a  carcinoma  of  the  oesophagus 
is  in  the  early  stages  of  the  disease  in  direct  proportion  to  the  mechani- 
cal interference  which  it  causes  with  tlie  act  of  deglutition,  and  is  no 
more  marked  than  that  which  would  be  caused  by  an  equal  degree  of 
interference  dependent  upon  some  non-malignant  condition.  It  may, 
indeed,  be  laid  down  as  a  rule  that  when  an  apparently  early  malig- 
nant tumour  is  associated  with  marked  loss  of  flesh  not  caused  b}'  the 
mechanical  effects  of  the  tumour,  the  presence  of  metastases  should  be 
suspected,  even  though  there  be  no  physical  signs  to  indicate  their 
existence.    Absence  of  pain  is,  again,  no  proof  that  a  tumour  is  benign 
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in  character.  A  want  of  knowledge  of  this  fact  is  too  often  the  reason 
which  induces  a  patient  to  delay  seeldng  early  medical  advice,  and 
unfortunately  sometimes  leads  the  practitioner  to  fall  into  the  same 
error.  Thus,  a  carcinoma  of  the  rectum  may  reach  a  most  advanced 
stage  without  causing  even  slight  pain,  or,  in  fact,  any  symptom  to 
indicate  that  serious  disease  exists,  and  the  practitioner  who  is  misled 
by  this  is  likely  to  omit  the  only  means  of  detecting  the  disease  in 
its  early  stage,  viz.  proper  examination  of  the  rectum.  The  special 
methods  available  for  the  examination  of  such  parts  as  the  oesophagus, 
bladder,  and  lower  bowel  must  never  be  neglected  in  a  case  in  which 
even  the  slightest  suspicion  exists  that  malignant  disease  of  these 
parts  may  be  present.  The  rate  of  growth  of  an  accessible  tumour 
is  also  of  small  value  as  a  proof  of  malignancy.  It  is  undoubtedly 
true  that  a  soft  cellular  sarcoma  usually  increases  rapidly,  but  many 
forms  of  carcinoma  progress  very  slowly,  and  a  rodent  ulcer  may, 
after  even  many  years,  attain  only  very  small  proportions.  It  may 
indeed  be  said  that  in  the  early  stages  there  is  no  pathognomonic 
symptom  of  a  malignant  tumour. 

Much  importance  was  formerly  attached  to  the  general  deterioration 
of  health  sometimes  met  with  in  malignant  disease,  and  known  as  the 
cancerous  cachexia.  The  condition  is  characterized  by  emaciation  and 
ansemia,  with  often  an  earthy,  sallow  tint  of  the  skin,  great  weakness , 
feeble  pulse,  loss  of  appetite,  and  temperature  sometimes  elevated 
sometimes  subnormal.  From  what  has  been  already  said,  this  con- 
dition must  not  be  regarded  as  a  special  feature  of  the  disease,  but 
rather  as  an  evidence  of  its  advanced  stage.  Cachexia  is  particularly 
strildng  when  widely  spread  metastases  are  present,  especially  in  the 
viscera  ;  it  is  often  the  result  of  chronic  septic  poisoning  such  as 
occurs  when  ulceration  of  the  growth  has  occurred,  and  is  frequently 
intensified  by  the  occurrence  of  repeated  haemorrhages.  Some  of 
the  most  distressing  cases  of  this  land  are  those  of  inoperable  car- 
cinoma about  the  mouth  and  throat,  associated,  perhaps,  with 
ulcerated  masses  of  secondary  deposit  in  the  lymphatic  glands  of 
the  neck. 

The  duration  of  life  in  untreated  cases  of  malignant  disease  varies 
within  the  widest  limits,  for,  whilst  certain  forms  of  sarcoma  and 
carcinoma  may  prove  fatal  in  a  few  months,  in  some  instances  a 
carcinoma  may  be  present  for  many  years  with  very  little  interference 
with  the  general  health.  This  is  strikingly  seen  in  many  cases  of 
rodent  cancer  of  the  sldn ;  but  even  in  the  more  common  forms  of 
the  disease,  such  as  cancer  of  the  rectum  and  cancer  of  the  breast, 
life  may  sometimes  be  prolonged  for  many  years. 

A  study  of  the  average  duration  of  life,  derived  from  statistical 
records  of  the  different  forms  of  malignant  disease  as  it  occurs  in 
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various  situations,  is  of  little  practical  value  as  a  guide  to  foretelling 
the  probable  course  of  any  individual  case. 

Death  from  malignant  disease  may  mercifully  result  from  pro- 
gressive enfeeblement  resulting  from  widely  spread  metastases,  but 
too  often  it  is  preceded  by  a  period  of  distressing  pain  and  all  the 
horrors  of  a  fetid,  discharging  Avound.  Special  complications  too 
numerous  to  mention  may  hasten  the  fatal  result,  ^particularly  when 
the  primary  tumour  or  its  secondar}''  deposits  involve  the  respiratory 
or  alimentary  tracts. 

In  speaking  of  the  natural  course  of  a  malignant  growth  it  has  been 
stated  that  it  tends  continuously  to  extend,  and  finally  to  prove  fatal. 
Such  a  result  is,  however,  not  absolutely  constant,  and  there  are  on 
record  a  few  authentic  cases  in  which  a  malignant  growth  has  under- 
gone spontaneous  involution  and  apparent  cure.  Before  accepting  a 
record  of  such  a  case  as  conclusive  it  is  essential  that  the  tumour 
should  have  been  examined  histologically  and  its  nature  confirmed 
by  a  competent  observer.  Many  cases  are  on  record  in  which  a 
tumour,  apparently  of  a  malignant  nature,  has  disappeared.  This 
has  especially  been  noted  in  the  case  of  certain  abdominal  tumours, 
which,  after  being  examined  by  an  exploratory  operation  and  ])to- 
nounced  to  be  malignant  and  unsuited  for  removal,  have  subsequently 
subsided.  It  can  hardly  be  doubted  that  in  the  majority  of  such 
cases  the  diagnosis  was  erroneous,  for  mimicry  of  malignant  disease 
by  various  chronic  inflammatory  conditions  is  well  known,  the  differ- 
entiation being  impossible  without  the  use  of  the  microscope.  Godlee 
has  recorded  a  case  in  which  a  hard  tumour  involving  the  gall-bladder 
was  explored  and  pronounced  to  be  undoubtedly  malignant.  Subse- 
quently a  gall-stone  was  passed  from  the  bowel,  and  the  tumour,  which 
was  certainly  inflammatory,  entirely  subsided.  We  have  ourselves 
put  on  record  a  case  in  which  a  large  retroperitoneal  tumour,  having  all 
the  semblance  of  a  hsemorrhagic  sarcoma,  gradually  and  completely 
disappeared  after  an  exj^loratory  operation.  Evidence  was,  however, 
obtained  which  showed  that  the  patient,  a  young  man,  was  the  subject 
of  haemophilia,  and  there  can  be  little  doubt  that  the  '"  tumour  "  in 
this  case  was  entirely  the  result  of  an  extensive  hpemorrhage  behind 
the  peritoneum.  Every  surgeon  could  cite  similar  instances  from  his 
own  experience,  and  their  great  importance  in  the  consideration  of 
reputed  cures  of  malignant  growths  by  various  methods  of  non-operative 
treatment  is  obvious. 

One  of  the  most  striking  instances  of  the  spontaneous  disappearance 
of  an  undoubtedly  malignant  growth  has  been  recorded  by  Pearce 
Gould.  The  case  was  that  of  a  woman  whose  left  breast  was  removed 
in  May,  1890,  for  a  hard  carcinoma,  the  nature  of  which  was  confii'med 
by  microscopical  examination.    In  July,  1892,  the  diseased  axillary 
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glands,  and  in  February,  1894,  recurrent  nodules  in  the  neighbourhood 
of  the  scar  and  one  above  the  right  breast,  were  removed.  In  December 
of  the  same  year  there  were  several  fresh  nodules,  and  the  patient  was 
dyspnoeic.  In  January,  1895,  at  the  age  of  48,  the  patient  was  admitted 
to  the  Cancer  Ward  of  the  Middlesex  Hospital ;  there  were  nodules 
on  the  chest-wall,  and  enlarged  glands  in  both  axillae  and  above  the 
clavicles  ;  there  was  dullness  at  the  base  of  the  right  lung,  and  the 
general  condition  was  very  grave.  In  March,  1896,  pain  was  com- 
plained of  in  the  left  thigh  ;  the  limb  was  shortened  by  one  inch,  and 
the  femur  below  the  trochanter  was  enlarged.  In  June,  1896,  only 
one  small  nodule  was  present  in  the  skin  above  the  scar  resulting  from 
the  removal  of  the  left  breast  ;  there  were  no  palpable  glands  ;  the 
dyspnoea  had  ceased,  and  the  general  condition  had  much  improved  ; 
the  left  thigh  was  less  painful.  When  shown  at  the  Clinical  Society  in 
November,  1896,  the  patient  was  enjoying  life  ;  she  walked  with  a 
limp,  and,  although  the  left  lower  limb  was  shortened  by  IJ  inches 
and  the  femur  bent,  the  bone  was  not  notably  enlarged.  In  April, 
1899,  the  patient  was  continuing  to  enjoy  good  health. 

It  is  interesting  to  note  that  in  this  extraordinary  case  the  cata- 
menia  ceased  early  in  1895,  and  that  within  a  comparatively  short 
time  from  this  date  the  improvement  in  the  patient's  condition  began. 
An  apparent  arrest  of  the  growth  of  a  carcinoma  of  the  breast  at 
the  menopause  suggested  to  Beatson  of  Glasgow  that  oophorectomy 
might  possibly  prove  advantageous  in  inoperable  cases.  Although 
in  a  certain  number  of  cases  removal  of  the  ovaries  appeared  to  be 
beneficial,  further  experience  was  so  disappointing  that  the  treatment 
has  been  abandoned. 

Such  a  case  as  the  above  proves  that  a  malignant  growth  shares 
with  almost  all  other  diseased  processes  a  certain,  although  exceedingly 
slight,  tendency  to  spontaneous  cure. 

Treatment  of  malignant  tumours. — Except,  perhaps,  in 
the  case  of  rodent  ulcer,  there  is  at  the  present  day  no  means  of 
treating  a  malignant  tumour  in  the  early  stages  of  its  growth  which 
holds  out  a  sufficient  hope  of  effecting  a  cure  to  justify  the  surgeon  in 
having  recourse  to  it  rather  than  in  resorting  at  once  to  removal  by 
operation,  when  the  latter  is  practicable. 

Operative  treatment. ^ — It  will  be  possible  within  the  limits  of 
this  article  to  deal  only  with  certain  general  principles  which  should 
guide  the  surgeon  in  operating  for  the  removal  of  a  malignant  tumour. 
The  application  of  these  to  the  treatment  of  malignant  disease  in  its 
various  forms  and  situations  will  be  dealt  with  in  the  special  sections 
of  this  work,  and  will  be  here  referred  to  only  in  order  to  illustrate  the 
general  principles. 

1.  Operation  should  be  urged  in  any  case  in  which  a  chronic  lesion, 
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especially  of  the  skin  or  mucous  membranes,  presents  any  suspicion 
of  commencing  carcinoma.  Histological  examination  will  indicate 
whether  or  not  it  is  necessary  to  advise  a  subsequent  operation  for  the 
removal  of  the  corresponding  lymphatic  area. 

2.  When  it  is  necessary  to  establish  the  diagnosis  by  an  exploratory 
incision  into  a  tumour  of  doubtful  nature,  every  care  must  be  taken 
to  prevent  contamination  of  the  wound  by  the  tumour  substance. 
The  exploratory  incision  should  be  closed  and  the  instruments  used 
for  the  purpose  discarded.  When  practicable,  as,  for  instance,  in  the 
breast,  the  doubtful  tumour  should  be  cut  out  and  then  investigated, 
rather  than  explored  by  an  incision  into  it  in  situ.  If,  as  is,  however, 
rarely  the  case,  ordinary  naked-eye  examination  fails  to  reveal  the 
nature  of  the  tumour,  it  may  be  possible  rapidly  to  prepare  a  section 
and  examine  it  microscopically  with  sufficient  accuracy  to  enable  the 
pathologist  to  advise  the  operator  whether  or  not  to  proceed  with  the 
operation.  If  the  appearances  are  doubtful  the  question  of  further 
operation  should  be  delayed  until  a  more  carefully  conducted  micro- 
scopical examination  has  been  carried  out. 

3.  The  operation  should  be  so  planned  as  to  remove  not  only  the 
tumour  itself,  but  such  surrounding  tissues  as  are  known  from  experi- 
ence to  be  especially  liable  to  be  invaded  by  the  growth,  and  it 
should  be  performed  with  as  little  roughness  and  dragging  on  the 
parts  as  possible,  in  order  to  avoid  displacement  of  tumour  cells 
into  the  veins  and  lymphatics. 

4.  The  group  of  lymphatic  glands  receiving  the  lymphatics  from 
the  area  in  which  the  tumour  is  situated  should  in  most  cases  ).)e 
removed  as  freely  as  possible,  whether  they  are  palpably  enlarged 
or  not. 

5.  When  possible,  the  excision  of  the  primary  tumom-  and  the 
glands  should  be  carried  out  at  one  operation,  and  the  tissues  between 
the  two,  in  which  infected  lymphatic  vessels  are  likely  to  be  present, 
removed  in  their  continuity.  The  chief  exceirtions  to  this  rule  concern 
those  ca.ses  in  which  the  jn-imary  tumour  is  so  situated,  as  in  the  mouth , 
that  rigid  asepsis  is  impossible  or  cannot  ]:)e  ensured.  In  these  cir- 
cumstances the  operation  for  the  removal  of  the  glands  may,  with 
advantage,  be  postponed  with  a  view  to  preventing  septic  infection 
of  the  wound. 

6.  When  a  carcinoma  arises  in  a  part  already  the  seat  of  certain 
precancerous  changes,  the  operation  must,  if  possible,  be  of  such 
extent  as  to  remove  completely  the  altered  part,  as,  for  instance,  in 
cei-tain  cases  of  carcinoma  of  the  tongue  and  skin. 

7.  When  the  removal  of  skin  is  necessary,  as  in  carcinoma  arising 
in  it  or  involving  it  by  lymphatic  extension,  the  amount  removed 
must  not  be  limited  by  the  desire  to  close  the  wound  as  the  final  step 
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in  tlie  operation.  Immediate  or  subsequent  epidermis  grafting  may 
be  employed  when  the  closure  of  the  wound  is  impossible. 

Operation  for  a  malignant  tumour  may  sometimes  be  justified,  even 
when  a  cure  is  not  obtained,  if  the  patient's  life  is  prolonged  in  a  con- 
dition of  comparative  comfort,  or,  even  if  life  is  not  prolonged,  if 
the  distress  and  suffering  due  to  the  primary  growth  is  reheved. 

Early  operation  on  the  lines  above  indicated  is  giving  an  increased 
proportion  of  successful  results  in  almost  all  forms  of  malignant  disease, 
but  the  word  "  cure  "  in  this  connexion  must  be  used  very  guardedly. 
No  arbitrary  time  limit  of  freedom  from  recurrence — such  as  the  three 
years'  limit  suggested  by  Volkmann — can  be  adopted.  It  is  undoubtedly 
true  that  in  most  cases  in  which  recurrence  takes  place  it  ensues  mthin 
the  first  year  after  operation,  and  that  after  the  third  year  the  prospect 
is  very  hopeful ;  but  the  period  at  which  recurrence  may  ensue  differs 
so  widely  in  the  different  forms  of  malignant  disease  that,  as  Butlin 
points  out,  for  some  the  three  years'  limit  is  too  long,  in  some  sufficiently 
accurate,  and  in  others  too  short.  Local  recurrence  means  an  incom- 
plete operation,  but  visceral  recurrences  may  take  place  when  no 
evidence  of  their  presence  could  be  detected  at  the  time  of  the  opera- 
tion. It  has  been  suggested  that  late  local  recurrences  may  sometimes 
be  explained  by  a  new  development  of  the  disease  rather  than  by 
incomplete  removal  of  the  original  tumour.  This  may  occasionally  be 
true,  but  is  usually  disproved  by  the  position  of  the  recurrent  growth. 
Thus,  late  recurrence  may  take  place  in  the  lymphatic  glands  with- 
out any  recurrence  in  situ,  as  in  the  case  of  a  woman  whose  breast 
was  removed  for  carcinoma  at  the  age  of  56.  Two  years  later  a 
recurrent  growth  was  removed  from  the  axilla,  and  death  occurred  at 
the  age  of  70,  with  recurrence  in  the  glands  of  the  neck. 

Treatment  of  inoperable  malignant  tumours. — It  is  scarcely 
necessary  to  remind  our  readers  that  the  treatment  of  malignant 
tumours  by  non-operative  measures  has  always  enjoyed  a  very  unde- 
sirable degree  of  notoriety  in  the  hands  of  quacks  and  other  irregular 
practitioners,  and  that  every  question  bearing  upon  this  important 
subject  must  be  approached  with  an  open  mind.  In  view  of  the 
extreme  difficulty  of  the  early  recognition  of  the  disease  it  is  not 
surprising  that  cases  can  easily  be  collected  which  appear  to  illustrate 
the  successful  use  of  almost  every  conceivable  variety  of  the  so-called 
"cancer  cures."  Such  cases  will  not  bear  scientific  investigation, 
and  to  prove  that  a  mahgnant  growth  has  been  effectually  cured  by 
any  form  of  treatment  it  is  first  necessary  to  prove  that  a  malignant 
growth  actually  existed.  It  must  further  be  remembered  that  in 
advanced  inoperable  cases,  in  which  alone  non-operative  methods 
are  justifiable,  considerable  improvement  in  the  patient's  general 
condition,  and  even  in  the  condition  of  the  tumour  itself,  may  result 
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from  careful  nursing  and  dieting  and  the  suitable  treatment  of 
ulcerated  growths. 

It  is  impossible  even  to  enumerate  tlie  many  methods  of  treatment 
which  have  from  time  to  time  been  honestly  thought  to  be  of  benefit 
in  the  treatment  of  malignant  disease,  and  it  must  suffice  to  refer 
shortly  to  those  methods  which  may  at  the  present  day  be  tried  in 
cases  in  which,  for  various  reasons,  operation  is  imj^racticable  or  in 
which  recurrence  after  operation  cannot  be  further  dealt  with. 

The  results  of  the  use  of  the  mixed  toxins  of  the  Streptococcus 
erysipelatis  and  Bacillus  prodir/iosns  in  cases  of  inoperable  sarcoma 
certainly  seem  to  justify  a  continued  trial.  The  treatment  is  founded 
on  the  fact  that  malignant  tumours,  especially  sarcoma,  have  been 
known  to  disappear  after  attacks  of  accidental  erysijDclas.  This  induced 
Fehleisen,  in  Germany,  and  Coley,  in  New  York,  to  inoculate  with  ery- 
sipelas patients  suffering  from  malignant  growths ;  and  later,  in  1892, 
Coiey  first  experimented  with  a  culture  of  the  erysipelas  streptococcus 
sterilized  by  heat  and  filtration.  He  found  that  a  febrile  reaction 
followed  the  injection,  and  that  a  temporary  inhibitory  action  was 
observed  on  the  growth  of  malignant  tumours.  Roger  subsequently 
showed  that  if  the  Bacillus  prodigiosus  was  grown  together  with  the 
erysipelas  streptococcus  the  virulence  of  the  latter  was  increased,  and 
as  the  result  of  this  observation  Coley  experimented  with  the  mixed 
toxins — Coleifs  fluid  consisting  of  the  two  cultures  in  definite  pro- 
portion, sterilized  by  heat,  and  with  the  addition  of  glycerine  and  a 
small  quantity  of  thymol.  After  injection  of  the  fluid,  either  into  the 
tumour  or  elsewhere,  Coley  has  observed  that  the  tumour  becomes 
at  first  paler  and  more  movable,  whilst,  later,  areas  of  softening  due  to 
caseous  degeneration  occur  in  it,  and  finally  in  a  successful  case  the 
tumour  gradually  disappears  by  absorption  or  by  breaking  down  and 
liquefaction.  He  has  used  the  treatment  in  all  forms  of  sarcoma, 
except  melanotic  growths,  and  has  employed  it  in  certain  cases 
of  operable  sarcoma  of  the  long  bones  in  which  only  an  extensive 
amputation  would  be  available,  and  also  after  operations  for  sarcoma 
with  a  view  to  the  prevention  of  recurrence.  In  carcinoma  the  results 
have  been  disappointing.  Coley  advises  that  the  treatment  should 
be  commenced  with  an  injection  of  a  fourth  of  a  minim  into  the 
buttock  or  over  the  pectoral  muscle,  and  that  the  injection  should 
be  repeated  daily  with  increasing  doses  until  a  febrile  reaction 
of  102°-104°  P.  is  obtained.  If  the  patient  is  not  very  susceptible, 
small  injections  may  also  be  given  into  the  tumour,  should  its  position 
allow.  After  the  tumour  has  entirely  disappeared  the  injection 
should  be  continued  in  smaller  doses  and  at  longer  intervals  for 
three  or  four  months.  According  to  Coley,  the  risk  is  small,  and 
in  only  3  out  of  nearly  -500  cases  could  death  be  attributed  to 
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the  treatment.  The  chief  danger  seems  to  be  the  injection  of 
too  large  an  initial  dose  into  a  vascular  tumour.  At  the  date  of  his 
paper  read  before  the  Royal  Society  of  Medicine  in  1909,  Coley  had 
had  52  cases  of  inoperable  sarcoma  successfully  treated  by  the  mixed 
toxins,  the  patients  remaining  well  for  periods  ranging  between  three 
and  a  quarter  and  sixteen  years,  full  records  of  many  of  the  cases 
being  given  in  the  paper.  The  evidence  of  the  value  of  the  treatment 
in  Coley's  hands  seems  to  be  conclusive,  and  the  disappointing  results 
which  have  hitherto  been  obtained  in  this  country  may  perhaps 
in  part  be  explained  by  improper  preparation  of  the  fluid,  and  an 
unwillingness  on  the  part  of  surgeons  to  continue  a  treatment 
which  is  attended  with  much  discomfort  to  the  patient. 

At  the  present  day  the  treatment  of  malignant  growths  by  X-rays 
and  radium  must  still  be  considered  to  be  in  the  experimental  stage, 
and  whilst  it  is  certain  that  the  growth  of  many  tumours  is  modified 
in  a  very  striking  manner  by  these  agents,  great  caution  is  necessary 
in  drawing  conclusions  as  to  their  value  in  this  branch  of  therapeutics. 
With  the  single  exception  of  rodent  ulcer,  the  evidence  at  present 
does  not  justify  the  employment  of  these  means  as  an  alternative 
to  removal  of  the  disease  by  operation  ;  and  thus,  in  view  of  the 
apparently  hopeless  nature  of  the  cases  in  which  X-rays  and  radium 
are  employed,  the  results  cannot  in  any  sense  be  fairly  contrasted 
with  those  obtained  by  operation  in  early  cases.  As  a  prophylactic 
measure  it  is  possible  that  these  agents  may  prove  of  service  in  lessen- 
ing the  risk  of  recurrence  after  operation  by  destroying  any  tumour 
cells  which  may  have  escaped  removal. 

In  using  X-rays  a  full  dose  at  intervals  has,  on  the  whole, 
appeared  to  yield  the  most  encouraging  results. 

In  the  employment  of  radium  the  method  most  commonly  adopted 
is  to  apply  the  bromide  contained  within  a  glass  tube  to  various  parts 
of  the  surface  of  the  growth,  or  even  to  insert  the  tube  into  the  sub- 
stance of  the  growth  by  means  of  an  incision  or  a  suitable  trocar  and 
cannula.  The  radium  salt  has  also  been  used  in  various  forms  of 
apparatus  in  which  it  is  spread  out  by  means  of  a  suitable  varnish. 
Of  the  difEerent  rays  given  out  by  radium — the  «,  ft,  and  y  rays — 
the  y  rays  and  the  more  penetrating  of  the  /3  rays  are  those  chiefly 
employed  for  therapeutic  purposes  ;  and  in  order  to  filter  off  the  less 
penetrating  rays,  and  thus  protect  the  superficial  tissues  and  allow 
the  more  penetrating  rays  to  reach  the  deeper  parts,  it  is  usual,  fol- 
lowing the  method  of  Wickham  and  Dominici,  to  interpose  varying 
thicknesses  of  lead  or  platinum  as  a  screen  between  the  radium  and 
the  part  to  which  it  is  being  applied. 

Except  in  the  case  of  some  forms  of  superficial  growths  of  low 
malignancy,  especially  rodent  ulcer,  the  evidence  of  the  actual  cure  of 
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carcinomatous  or  sarcomatous  tumours  by  X-rays  or  radium  is  not 
in  many  cases  conclusive,  but  there  is  a  large  accumulation  of  evidence 
to  show  that  even  large  tumours  may  shrink  and  apparently  disappear, 
that  pain  may  be.  relieved,  and  that  ulcerated  surfaces  may  heal  and 
discharges  correspondingly  diminish. 

The  clianges  which  have  been  observed  microscopically  in  tumours 
exjiosed  to  the  action  of  radium  consist  in  degeneration  of  the 
tumour  cell-elements,  and  a  proliferation  of  the  connective  tissue  which 
results  eventually  in  the  formation  of  a  cicatrix.  On  the  other  hand, 
it  is  jiossible  that  if  an  insufficient  effect  is  obtained  an  accelerated 
growth  of  the  tumour  cells  may  result  from  the  vascular  dilatation 
which  is  produced. 

Unfortunately,  in  the  majority  of  cases  of  malignant  disease  it  is 
the  presence  of  metastases  which  renders  the  condition  inoperable, 
and  for  the  treatment  of  these  the  use  of  radium  can  only  be  of  very 
limited  service.  Further  experience  alone  can  show  whether  larger 
quantities  of  radium  than  tliose  now  usually  available  will  produce 
better  results  even  in  deeply  seated  growths. 

SARCOMA 

A  sarcoma  is  a  malignant  connective-tissue  tumour.  Although 
differing  widely  in  the  details  of  their  minute  structure,  the  sarcomas 
all  consist  of  cells  of  the  connective-tissue  type,  and  these  cells  may 
be  of  a  single  uniform  shape,  or  the  same  tumour  may  consist  of  cells 
of  different  kinds.  The  sarcoma  cells  present  forms  which  find  their 
prototypes  in  the  various  phases  of  change  which  undifferentiated 
round  cells  undergo  in  their  development  into  fully  formed  connec- 
tive tissue.  Thus  the  cells  may  be  round,  oval,  or  spindle  in 
sliape,  and,  as  in  all  rapidly  growing  cellular  formations,  multi- 
nucleated cells  are  not  micommon.  The  cells  of  a  sarcoma  do  not 
lie  in  actual  juxtaposition,  but  are  separated  by  a  varying  amount 
of  ground  substance,  which  may  be  homogeneous,  granular,  or 
fibrillated. 

The  blood-vessels  in  a  sarcoma  are  usually  abundant,  and  are 
embryonic  in  character,  partaking  rather  of  the  nature  of  blood 
clefts  and  spaces  than  actual  vessels.  They  present  the  characters 
of  the  blood-vessels  in  the  process  of  development,  consisting  of 
channels  surrounded  by  cells  which  may  resemble  delicate  endo- 
thelium, or  may  be  indistinguishable  from  the  essential  tumour  cells 
themselves.  For  instance,  in  the  spindle-celled  variety  the  vascular 
spaces  may  be  bounded  merely  by  spindle  cells  arranged  end  to 
end  in  immediate  juxtaposition  with  the  surrounding  spindles  of  the 
tumour.  A  further  point  of  importance  in  the  vascular  an'angemeut 
2f 
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in  a  sarcoma  is  tlie  fact,  wliicli  naturally  follows  from  wliat  lias 
been  said,  tliat  tlie  blood  channels  run  actually  among  tlie  cells  of 
the  tumour  (Fig.  106).  This  arrangement  is  important  as  explaining 
the  readiness  with  which  the  tumour  cells  enter  the  blood-stream  and 
occasion  metastases,  and  also  affords  valuable  help  in  endeavouring 
to  distinguish  malignant  tumours  of  the  connective-tissue  type  from 
others  of  an  epithelial  type.  For  instance,  certain  round-celled 
sarcomas  may  present  close  histological  resemblances  to  some  forms 
of  spheroidal-celled  carcinoma.  Among  other  means  of  differentiation 
it  will  be  noted  that  in  the  sarcoma  blood  channels  are  seen  passing 
actually  among  the  tumour  cells,  whereas  in  the  carcinoma  the  blood- 
vessels are  limited  to  the  connective-tissue  stroma  and  in  no  case 
pass  into  the  masses  of  spheroidal  cells. 

It  will  thus  be  seen  that  a  sarcoma  may  be  regarded  as  a  tumour 
composed  of  connective  tissue  of  an  embryonic  type,  in  the  character 
not  only  of  the  cells  but  also  of  the  blood-vessels. 

In  the  ordinary  forms  of  sarcoma,  lymphatic  vessels  cannot  be 
recognized,  but  in  certain  forms  (endothelial  sarcoma)  lymphatic 
vessels  are  present  and  there  is  reason  to  believe  that  the  tumour 
cells  arise  in  their  endothelium. 

The  practical  difficulty  which  often  presents  itself  to  the  patho- 
logist is  to  distinguish  by  histological  examination  between  sarcoma 
and  many  cellular  formations  of  an  inflammatory  or  reparative  nature . 
in  which  connective-tissue  development  is  in  progress.  For  instance, 
a  microscopical  section  of  a  small  round-celled  sarcoma  closely  resembles 
that  of  simple  granulation  tissue.  Both  consist  of  undifferentiated 
round  cells  and  undeveloped  blood-vessels.  From  the  examination 
of  a  fragment  of  such  tissue,  the  distinction  may  be  practically 
impossible,  but  a  wider  examination  will  usually  reveal  the  essential 
difference — that,  whereas  in  granulation  tissue  its  progressive  con- 
version into  fibroblasts  and  fully  formed  connective  tissue  can  be 
demonstrated,  in  the  sarcoma  all  parts  present  the  undeveloped 
stage,  and  show  no  tendency  to  pass  on  to  a  higher  grade  of  de- 
velopment. The  observations  which  tend  to  show  that  Altmann's 
granules  are  absent  from  the  cells  of  malignant  connective-tissue 
growths  and  present  in  the  cells  of  inflammatory  deposits  may  prove 
to  be  of  great  practical  value  in  this  connexion,  should  they  be  con- 
firmed (p.  456). 

The  great  variations  in  structure  presented  by  the  malignant 
connective-tissue  tumours  are  dependent  partly  upon  the  character 
of  the  sarcoma  cells  and  partly  upon  the  presence  of  different  forms 
of  connective  tissue,  which  may  be  associated  with  the  sarcoma  cells 
as  an  essential  constituent  of  the  tumour.  The  following  classification 
is  based  upon  these  characters  : — 
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Sarcomas  differing  in  the  character  or  arrangement  of  tJte  cells — 

1.  Round-celled  sarcoma. 

2.  Oval  or  spindle-celled  sarcoma. 
■3.  Mixed-celled  sarcoma. 

4.  Endothelial  sarcoma  (malignant  endothelioma). 

5.  Melanotic  sarcoma. 

Sarcomas  characterized  hij  the  special  nature  or  arrangement  of  the 
stroma — 

1.  Lympho-sarcoma. 

2.  Fibro-sarcoma. 

3.  Myxo-sarcoma. 

4.  Chondro-sarcoma. 
.5.  Osteo-sarcoma. 

We  shall  consider  first  the  sarcomas  which  differ  in  the  ciiaracter 
or  arrangement  of  the  cells. 

1.  Round-celled  sarcoma. — In  describing  tliis  tumour  little 
need  be  added  to  what  has  already  been  said  (p.  455).  In  its 
typical  form  the  tumour  consists  entirely  of  small  round  cells  resem- 
bling lymphocytes,  separated  by  a  small  amoimt  of  homogeneous  or 
finely  granidar  ground-substance.  The  vascularity  of  the  tumour  is 
often  great,  and  the  blood  is  contained  in  vessels  resembling  embryonic 
capillaries  among  the  tumour  cells  (Fig.  111). 
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Fig.  111. — Microscopic  section  of  round-celled  sarcoma. 
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2.  Oval  and  spindle-celled  sarcoma. — In  this  variety  of 
sarcoma  the  cells  vary  in  form  between  short  ovals  and  long  slender 
spindles,  and  the  nuclei  correspond  in  shape.  In  the  spindle-celled 
sarcoma  the  spindles  are  not  always  irregularly  arranged,  but  ia  parts 
of  the  tumour  will  often  be  seen  to  be  collected  into  fasciculi  which 
intersect  in  various  directions.  It  thus  happens  that  in  a  section  of 
the  tumour  different  fascicuU  will  be  divided  in  different  directions, 
longitudinally,  obUquely,  or  transversely,  and  as  a  result  the  appear- 
ance may  at  first  sight  suggest  that  the  spindle  cells  are  mixed 


Fig.  112. — Microscopic  section  of  spindle-celled  sarcoma. 


with  oval  and  round  cells  (Fig.  112).  The  blood  spaces  in  a  spindle- 
celled  sarcoma  consist  of  channels  bounded  by  spindles  arranged 
end  to  end  and  often  indistinguishable  from  the  other  cells  of  the 
tumour. 

3.  Mixed-celled  sarcoma. — The  variations  in  the  size  and 
shape  of  the  cells  in  many  sarcomas  are  so  great  that  such  tumours 
can  only  be  grouped  together  in  one  class.  In  many,  however,  the 
preponderance  of  one  land  of  cell  is  so  marked  that  the  characters 
of  the  growth  are  determined  by  it,  and  it  may  be  considered  rather 
as  a  slight  variation  of  the  round-  or  spindle-celled  variety.  In  any 
rapidly  growing  form  of  sarcoma  it  is  not  rmcommon  to  find  a  number 
of  multinucleated  cells  present,  and  sometimes  these  may  be  so  numerous 
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as  to  justify  tlie  name  (jiant'ceUed  sarcoma.  Such  a  tumour  must  be 
carefully  distinguished  from  a  myeloma,  which,  although  formerly 
included  among  the  sarcomas,  is  now  by  most  pathologists  regarded 
as  a  form  of  benign  growth  (p.  400). 

The  naked-eye  characters  of  the  round-celled,  the  spindle- 
celled,  and  the  mixed-celled  forms  of  sarcoma  may  most  conveniently 
be  considered  together,  for  often  the  differences  are  not  sufficient 
to  enable  a  conclusion  to  be  drawn  as  to  the  histological  structure. 
A  typical  round-celled  sarcoma  is  usually  very  soft,  and  the  tumour 
substance  is  homogeneous  and  white,  yellowish-white,  or  pinkish- 
white  in  colour.  The  appearance  is  often  strildngly  like  that  of 
white  brain-substance,  and,  although  a  similar  ap|)earance  may  be 
presented  by  some  very  soft  forms  of  spheroidal-celled  carcinoma, 
it  is  certain  that  in  the  majority  of  cases  the  "  encephaloid  cancer  " 
of  the  older  writers  was  a  romid-celled  sarcoma.  A  typical  spindle- 
celled  sarcoma,  as,  for  instance,  of  the  periosteum  of  a  long  bone,  often 
presents  a  distinctly  striated  or  fibrillated  appearance  in  section  which 
contrasts  with  the  markedly  homogeneous  consistence  of  the  round- 
celled  form  (Fig.  125).  This  appearance  is  explained  by  the  arrange- 
ment of  the  spindle  cells  in  intersecting  fasciculi.  Some  spindle- 
celled  sarcomas,  such  as  those  of  the  skin,  are  firm  in  consistence 
and,  to  the  naked  eye,  look  more  like  fibromas. 

Sarcomas  of  the  varieties  under  consideration  are  very  liable  to 
degenerative  changes,  especially  as  the  result  of  ha?morrhagic  extra- 
vasation into  their  substance.  In  some  instances  this  may  be  so 
marked  that  the  whole  tumour  resembles  little  more  than  a  mass  of 
blood-clot  or  a  blood  cyst.  Fatty  degeneration  may  result  in  the 
presence  of  yellow  areas  in  the  tumour  and  may  also  lead  to  the  form- 
ation of  cysts.  When  a  sarcoma  is  examined  together  with  the  sur- 
rounding tissues  the  infiltrating  character  of  the  tumour  is  usually 
sufficientl}^  obvious,  for  although  the  outline  of  the  tumour  is  often 
sharply  defined,  the  neighbouring  tissues  are  inseparably  connected 
with  it.  This  is  often  strildngly  seen  in  the  relation  of  the  nuiscles 
to  the  surface  of  a  periostal  sarcoma.  It  is,  however,  not  unusual  to 
find  that  aroimd  the  tumour  there  is  a  distinct  attempt  at  encapsula- 
tion, but,  unlike  the  capsule  of  a  simple  tumour,  the  fibrous  layer 
surrounding  a  sarcoma  is  intimately  adherent  both  to  the  surrounding 
tissues  and  to  the  tumour  substance. 

4.  Endothelial  sarcoma  (malignant  endothelioma). 
— In  considering  the  structure  and  characters  of  the  endothe- 
liomas, it  was  pointed  out  that  it  is  difficult  to  draw  a  sharp  line 
between  simple  tumours  of  this  nature  and  certain  tumours  of  a 
mahgnant  tj'pe.  To  the  latter  the  name  malignant  endothelioma" 
has  sometimes  been  applied,  but  the  designation  "  endothelial  sarcoma  " 
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seems  to  us  more  accurate  (Fig.  113).  In  some  cases  tlie  structure  of 
a  tumour  wliicli  is  obviously  malignant  cannot  be  distinguished  from 
that  of  a  simple  endothelioma  (p.  416).  In  other  tumours  it  will  be 
found  that  in  some  parts  the  growth  has  the  characteristic  structure 
of  an  endothelioma  and  in  other  parts  the  structure  of  a  purely  cellular 
sarcoma.  Such  a  mixed  structure  strongly  suggests  that  a  malignant 
transformation  of,  a  simple  endothelioma  has  occurred,  and  this  view 
is  supported  by  clinical  evidence.    Thus,  it  not  imcommonly  happens 


Fig.  113. — Microscopic  section  of  endothelial  sarcoma  of  pleura.  The 
tumour  cells,  of  an  endothelial  type,  are  irregularly  mixed  with  the 
stroma. 


that  a  tumour,  after  a  prolonged  and  apparently  benign  course,  may 
take  on  a  more  rapid  rate  of  growth  and  assume  the  local  and  general 
evidences  of  malignancy. 

In  the  group  of  endothelial  sarcomas  may  also  be  placed  certain 
special  forms  of  sarcoma,  the  cells  of  which  are  arranged  in  such  a 
way  as  to  suggest  an  endothelial  or  perithehal  origin.  Of  these  the 
most  important  is  the  angio-sarcoma  or  plexiform  sarcoma,  such 
as  occurs  in  the  pia,  arachnoid,  eye,  and  elsewhere.  Microscopically 
such  a  tumour  consists  of  capillary  vessels  bounded  by  large  spheroidal 
cells  in  several  layers.  By  a  further  proliferation  of  the  spheroidal 
cells  the  meshwork  of  the  vascular  network  becomes  completely  occupied 
by  solid  cell  masses  sej^arated  by  the  capillaries,  with  possibly  a  slender 
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reticulum  of  connective  tissue.  To  tliis  variety  the  name  alveolar 
or  large  round-celled  sarcoma  is  applied.  It  is  not  uncommon 
in  the  skin  and  subcutaneous  tissue,  and  in  its  histological  features 
closely  resembles  an  undifferentiated  carcinoma  (Fig.  114). 

In  some  tumours  of  this  group  the  cells  are  arranged  in  radiating 
fashion  around  a  central  vessel,  and  evidently  arise  from  tlie  endo- 
thelium of  the  adventitia  or  of  the  perivascular  space.    From  these 


Fig.  114. — Microscopic  section  of  alveolar' sarcoma  of  neck. 


cells  a  network  of  slender  columns  extends  into  the  surrounding  tissue. 
This  variety  is  Imown  as  a  perithelial  sarcoma. 

In  the  angio-sarcoma  the  walls  of  the  vessels  sometimes  undergo 
hyaline  degeneration,  producing  the  tumour  known  as  a  cylindroma. 

5.  Melanotic  sarcoma. — This  variety  of  sarcoma  is  charac- 
terized by  the  presence  of  a  pigment,  known  as  melanin,  in  the  cells. 
It  occurs  in  the  form  of  highly  refracting  amorphous  granules,  which 
inay  collect  in  such  amount  as  to  enlarge  the  cell  and  completely 
obscure  its  structure.  Under  the  microscope  the  granules  usually 
present  a  bright  j'ellowish-brown  colour,  but  to  the  naked  eye  the 
growi;h  may,  in  parts  at  least,  be  quite  black.    In  j^atients  suffering 
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from  melanotic  tumours  it  has  sometimes  been  noticed  that  the  urine 
becomes  dark  after  exposure  to  the  air,  as  the  result  of  the  oxidation 
of  a  substance  known  as  melanogen.  The  true  nature  of  melanin 
is  uncertain,  and  whilst  by  some  authorities  it  is  supposed  to  be  a 
derivative  of  the  blood-colouring  matter,  it  is  thought  by  others  to 
be  a  special  product  of  the  cell  protoplasm.  The  pigment  is  certainly 
quite  distinct  from  the  ordinary  forms  of  blood  pigment  resulting 
from  haemorrhage  into  the  substance  of  a  sarcoma  or  myeloma. 

In  many  melanotic  sarcomas  the  cells  vary  in  shape,  oval  cells  or 
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Fig.  115. — Microscopic  section  of  melanotic  sarcoma  of  skin, 
showing  cells  distended  with  pigment  granules. 


short  spindles  usually  predominating  (Fig.  115).  In  another  form, 
especially  that  beginning  in  the  sldn,  the  cells  are  large  and  rounded 
or  polygonal,  and  tend  to  assume  a  more  or  less  markedly  alveolar 
arrangement.  This  arrangement  suggests  that  the  cells  are  either 
endothelial  or  epithelial  in  origin,  or,  in  other  words,  that  the 
tumour  is  either  an  endothelial  (or  alveolar)  sarcoma  or  a  carcinoma. 
Upon  this  and  other  considerations  has  arisen  much  discussion  as 
to  the  true  nature  of  melanotic  malignant  growths,  and,  whilst  they 
were  formerly  classed  among  the  sarcomas,  the  view  is  now  rather 
widely  held,  following  Unna  and  others,  that  they  are  really  melanotic 
carcinomas.  In  the  skin,  tumours  of  this  class  not  uncommonly  arise 
in  pigmented  moles,  and  thus  the  question  of  their  nature  is  closely 
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connected  with  the  question  of  the  nature  of  the  "  ntevus  cells  "  of 
moles,  in  which  they  apparently  arise  (p.  450).  Whilst  fully  recognizing 
the  difficulty  of  the  subject,  we  are  of  opinion  that  the  evidence  is  in 
favour  of  the  view  that  the  malignant  melanotic  tumour,  of  the  skin 
at  least,  is  a  sarcoma. 

Melanotic  sarcoma  occurs  chiefly  in  the  skin  and  the  eye,  and  the 
characters  of  the  disease  will  be  considered  as  it  occurs  in  these  situa- 
tions (pp.  494  and  512) ;  it  has  also  been  described  in  other  situations, 
such  as  the  central  nervous  sys- 
tem, the  palate,  and  the  lower 
part  of  the  rectum.  Melanotic 
mahgnant  tumours  are  also  not 
uncommon  in  horses,  especially 
greys. 

A  short  description  will  now 
be  given  of  those  varieties  of 
sarcoma  which  are  characterized 
by  the  special  features  of  the 
stroma  with  which  the  sarcoma 
cells  are  associated. 

1.  Lympho-sarcoma. — 
This  is  a  small  round-celled  tu- 
mour in  which  the  cells  are  con- 
tained in  a  delicate  reticulum 
formed  by  the  branching  pro- 
cesses of  other  cells.  The  struc- 
ture thus  closely  resembles  that 
of  normal  lymphoid  tissue,  and 
in  spealdng  of  lymphoma  it  has 
been  pointed  out  that  this  name 
has  been  applied  to  various  con- 
ditions which  cannot  justly  be 
regarded   as  true  tumours  (p. 

422).  There  seems  to  us,  however,  sufficient  evidence  to  justify  the 
application  of  the  name  lympho-sarcoma  to  certain  new  growths 
of  the  structure  above  described.  For  instance,  a  primary  tumour 
of  the  tonsil,  associated  perhaps  with  secondary  deposits  in  the  cer- 
vical lymph-glands,  may  present  the  structure  of  this  variety  of 
sarcoma,  and  be  altogether  unassociated  with  any  form  of  lymphoid 
hyperplasia  elsewhere  (Fig.  116). 

Lympho-sarcoma  originates  in  lymphoid  tissue  onh-,  and  is  thus 
limited  primarily  to  the  lymphatic  glands,  mucous  membranes,  and 
other  structures,  such  as  the  tonsil,  in  which  lymphoid  tissue  is  normally 
present.    It  tends  to  cause  secondary  deposits  in  the  lymphatic  glands, 


Fig.  116. — Lympho-sarcoma  of  glands 
of  neck,  secondary  to  primary  tu- 
mour in  tonsil. 
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and  tlie  disease,  although  widely  disseminated,  may  remain  limited 
to  them ;  but  in  some  cases  metastases  are  so  widely  distributed 
in  the  bones,  skin,  and  elsewhere  as  to  cause  a  veritable  lympho- 
sarcomatosis. 

2.  Fibro- sarcoma. — Examined  microscopically,  a  fibro-sarcoma 
is  most  commonly  of  the  spindle-celled  variety,  the  fasciculi  of  spindles 
being  separated  by  a  more  or  less  considerable  amount  of  ordinary 
fibrous  tissue.  Less  commonly,  the  cell  elements  are  of  roimded  or 
mixed  shapes,  and  the  masses  of  cells  are  irregularly  distributed  in  the 
fibrous  stroma.  The  fibrous  tissue  may  be  relatively  so  abundant 
that  the  naked-eye  characters  of  the  tumour  are  indistinguishable 
from  those  of  a  fibroma,  and  even  by  histological  examination  it  may 
be  impossible  to  draw  a  clear  distinction  between  a  fibro-sarcoma  and 
a  soft,  imusually  cellular  fibroma.  This  is  of  much  clinical  importance, 
and  it  not  infrequently  happens  that  a  tumour  regarded  in  the  first 
instance  as  a  fibroma  shows  by  its  recurrence,  especially  locally,  that 
it  is  decidedly  malignant. 

3.  Myxo-sarcoma. — sarcoma  in  which  a  considerable  admix- 
ture of  myxomatous  tissue  is  present.  The  sarcoma  cells  are  usually 
of  the  small,  roimd  variety,  and  are  arranged  in  masses  separated  by 
areas  in  which  the  branching  cells  of  the  myxomatous  tissue  are  recog- 
nizable. The  tumour  is  very  soft,  and  presents  to  the  naked  eye  an 
appearance  closely  resembling  that  of  a  pure  myxoma,  or  pale  semi- 
translucent  areas  may  be  visible  in  the  more  opaque  sarcomatous 
tissue.    Myxomatous  tissue  is  often  present  in  a  chondro-sarcoma. 

4.  Chondro-sarcoma. — In  this  variety  the  cartilage  may  be 
present  only  in  the  form  of  small  islands  in  a  tumour  which  is  other- 
wise purely  cellular,  or  it  may  so  preponderate  that  the  tumour  has 
the  macroscopic  characters  of  a  simple  enchondroma.  In  the  latter 
case  a  careful  microscopic  examination  will  serve  to  indicate  the  true 
nature  of  the  growth,  for,  whereas  in  a  simple  cartilaginous  tumour 
the  lobules  of  cartilage  are  held  together  by  strands  of  connective 
tissue,  in  the  chondro-sarcoma  the  tissue  intervening  between  the 
cartilage  lobules  presents  the  cellular  characters  and  vascular  arrange- 
ment characteristic  of  a  sarcoma,  and  the  two  tissues  may  pass  gradually 
one  into  the  other  (Fig.  117). 

-5.  Osteo-sarcoma. — The  variations  in  the  amount  of  ossifica- 
tion present  in  this  form  of  sarcoma  are  comparable  with  the  varying 
degrees  of  chondrification  in  a  chondro-sarcoma.  Thus,  in  some 
tumours  the  presence  of  bone  is  only  discovered  on  microscopic 
examination,  or  perhaps  by  the  detection  of  fine  gritty  spots  with 
the  point  of  a  scalpel,  whereas  in  other  tumours  it  is  so  extensive  that 
the  tumour  partakes  of  the  naked-eye  characters  of  a  simple  osteoma. 
The  bony  trabeculse  often  present  evidences  of  irregular  deposition 


Fig.  118. — Microscopic  section  of  osteo-sarcoma  of  femur. 
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and  absorption,  tlae  former  by  the  presence  of  osteoblasts  on  tlie  surface, 
and  the  latter  by  the  presence  of  multinucleated  osteoclasts  lying  in 
Howship's  lacunae.  The  spaces  in  the  osseous  tissue  are  occupied 
by  characteristic  sarcoma  cells,  which  are  usually  spindle-shaped  or 
of  mixed  form  (Fig.  118). 

The  clinical  features  of  a  sarcoma  differ  so  widely  according 
to  its  position  and  variety  that  no  single  description  of  the  tumour 
is  possible.  A  sarcoma  of  a  deep  structure,  such  as  the  periosteum, 
or  a  muscle  or  fascia,  presents  itself  as  a  tumour  which  continuously 
increases  in  size,  often  at  a  rapid  rate.  It  tends  to  assume  a  more 
or  less  globular  shape,  and  is  often  distinctly  lobulated.  Its  con- 
sistence varies  greatly,  and,  whilst  the  softer  forms  ma}^  easily  be 
mistaken  for  a  fluid  swelling,  the  firmer  varieties  may  closely  resemble 
a  fibrous  tumour  in  their  consistence.  The  frequent  resemblance  of 
a  soft  sarcoma  to  a  fluid  swelling  is  most  important  in  diagnosis, 
especially  in  the  differentiation  of  such  a  tumour  from  a  chronic 
abscess,  for  the  softness  may  be  so  marked  that  a  distinct  sense  of 
fluctuation  can  be  detected  in  it.  The  dijJerentiation  is  sometimes 
rendered  still  more  difiicult  by  the  fact  that  some  local  heat  is  often 
appreciable  over  the  tumour,  and  in  certain  cases  by  a  distinct 
elevation  of  the  body  temperature. 

A  physical  sign  of  great  diagnostic  importance  which  can  not 
infrequently  be  detected  in  a  vascular  sarcoma  is  pulsation.  This 
sign  is  often  very  helpful,  especially  as  a  means  of  distinguishing  a 
sarcoma  of  a  bone  from  an  inflammatory  enlargement,  but  it  is  also 
an  occasional  cause  of  error,  and  a  pulsating  sarcoma  of  the  ilium  has 
been  known  closely  to  simulate  an  iliac  aneurysm,  or  a  similar  tumour 
of  the  upper  end  of  the  humerus  an  aneurysm  of  the  axillary  artery. 

Careful  examination  will  usually  show  that  the  pulsation  of  a 
sarcoma  does  not  possess  the  strikingly  expansile  character  of  the 
pulsation  of  an  aneurysm,  nor  does  the  tumour  behave  in  the  same 
way  as  an  aneurysm  when  the  main  vessel  above  it  is  compressed. 
The  pulsation  is  not  so  completely  controlled,  and  the  tumour  does 
not  diminish  in  size  like  an  aneurysm,  filling  out  again  with  bounding 
pulsations  when  the  pressure  on  the  vessel  is  removed.  Occasionally 
a  bruit  may  be  audible  in  a  vascular  sarcoma. 

When  a  sarcoma  becomes  superficial  the  cutaneous  veins  are  often 
enlarged  and  congested.  As  the  surface  of  the  tumour  reaches  the 
skin  the  latter  becomes  gradually  thinned  over  it,  and  eventually, 
after  assuming  a  bluish-red  colour,  ulcerates,  and  the  tumour  itself  is 
exposed  and  at  once  commences  to  fungate  through  the  opening  as  a 
soft  vascular  mass  which  discharges  a  thin  blood-stained  fluid.  The 
mode  of  invasion  of  the  skin  by  an  underlying  sarcoma  may  be  con- 
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trasted  with  that  of  a  deeply  seated  carcinoma — for  instance,  of  the 
breast.  In  the  sarcoma  the  skin  becomes  thinned,  shiny  and  dis- 
coloured, and  finally  ulcerated  ;  in  the  carcinoma  the  sldn  becomes 
thickened,  adherent  to  the  tumour,  and  often  covered  with  thick 
epidermic  crusts  before  at  last  actual  ulceration  occurs.  After  ulcera- 
tion has  occurred  the  sarcoma  protrudes  as  a  fungating  hfemorrhagic 
mass,  whilst  the  carcinoma,  as  the  result  of  necrosis  of  the  tumour 
substance,  forms  an  irregular  excavation  surrounded  by  a  characteristic 
hard,  raised,  and  often  everted  border. 

The  metastases  of  sarcoma  occur,  as  already  stated,  chiefly  by  the 
blood-stream,  and  are  thus  most  common  in  the  lungs.  The  secondary 
growths  show  a  striking  tendency  to  reproduce  in  all  its  details  the 
structure  of  the  primary  tumour,  and  the  appearance  of  masses  of 
chondrifying  or  ossifying  sarcoma  in  the  lungs  forms  a  very  remarkable 
picture.  Although  the  tendency  to  invasion  of  the  lymphatic  glands 
is  much  less  common  than  in  carcinoma,  the  difference  in  the  behaviour 
of  the  two  classes  of  malignant  growth  in  this  respect  is  only  a  relative 
one,  and  in  many  cases  of  sarcoma,  especially  in  certain  situations, 
secondary  deposits  in  the  lymphatic  glands  will  be  found. 

Although  the  metastases  by  way  of  the  blood-stream  are  most 
common  in  the  lungs,  they  may  also  occur  in  the  abdominal  viscera, 
bones  and  skin,  and  in  rare  cases  a  generalized  sarcomatosis  occurs. 
Meta.stases  sometimes  result  from  the  direct  extension  of  the  primary 
tumour  into  a  neighbouring  vein.  Thus,  a  sarcoma  of  the  kidney  may 
extend  through  the  renal  vein  into  the  vena  cava,  and  in  some  forms 
of  abdominal  sarcoma  the  implication  of  the  portal  veiji  or  one  of  its 
tributaries  in  tin's  way  is  followed  by  secondary  deposits  in  the  liver. 

The  diagnosis  of  sarcoma  must  for  the  most  part  be  left  for 
consideration  when  the  disease  is  described  in  special  situations,  and  only 
a  few  points  having  a  general  bearing  on  the  subject  can  be  mentioned 
here.  The  difficulty  which  presents  itself  is  more  often  concerned  with 
the  differentiation  of  sarcoma  from  various  inflammatory  conditions 
than  from  other  forms  of  new  growth.  Thus,  a  soft,  deeply  seated 
sarcoma  may,  in  its  clinical  features,  closely  resemble  a  chronic  abscess. 
Again,  a  syphilitic  gumma — for  instance,  of  a  muscle — may  so  closely 
resemble  a  sarcoma  that  only  the  fact  that  the  tumour  steadily  increases 
in  spite  of  antisyphilitic  treatment  serves  to  suggest  the  more  serious 
nature  of  the  case.  Sarcoma  of  a  bone  in  its  early  stages  may  be 
cUnically  indistinguishable  from  several  conditions  of  an  inflammatory 
nature,  such  as  a  central  abscess  and  various  forms  of  osteitis  and 
periostitis,  resulting  especially  from  syphilis  and  tuberculosis. 

In  doubtful  cases  the  detection  of  pulsation  may  be  of  the  greatest 
importance  in  diagnosis,  and  may  indeed  prove  to  be  the  only  ground 
upon  which  a  correct  conclusion  is  to  be  based. 
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As  a  last  means  of  diagnosis  an  exploratory  incision  into  the 
doubtful  swelling  must  be  made. 

Situation. — Being   a  malignant    connective-tissue    grow^tli,  a 
sarcoma  may  arise  wherever  connective  tissue  is  present,  and  is  thus 
almost  unrestricted  in  its  possible  sites  of  origin.    Certain  situations 
are,  however,  especially  liable,  and  it  will  be  convenient  to  consider 
separately  sarcomas  as  they  occur-  in  the  skin,  subcutaneous  tissues 
and  fasciae,  muscles,  nerves,  bones,  mucous  membranes  and  sub- 
mucous tissue,  serous  mem- 
branes  and  subserous  tissue, 
and  solid  organs  (the  kidney, 
ovary,  uterus,  breast,  etc.). 

Sarcoma  of  the  skin 
usually  occurs  as  the  spindle- 
celled  or  fibro-sarcomatous 
forms,  or  as  the  variety  of 
endothelial  sarcoma  known 
as  alveolar  sarcoma.  Spindle- 
celled  sarcoma  or  fibrosar- 
coma usually  begins  as  a 
small,  flattened,  firm  tumour 
on  which  the  smooth  epi- 
thelial layers  are  intimately 
adherent.  As  the  tumour 
increases,  secondary  nodules, 
sometimes  in  considerable 
numbers,  may  develop 
around  it,  but  the  primary 
tumour  itself  rarely  reaches 
a  large  size.  Ulceration,  if 
it  occurs,  only  involves  the 
surface  of  the  growth.  In 
this  form  of  sarcoma  the 
lymphatic  glands  are  not 
usually  invaded,  and  the 
maUgnancy  of  the  tumour  chiefly  shows  itself  locally;  recurrent 
nodules  in  the  skin  surrounding  the  cicatrix  are  likely  to  appear 
even  after  an  apparently  very  free  removal. 

Numerous  cases  of  alveolar  sarcoma  of  the  skin  are  on  record. 
The  tumour  begins  as  a  firm  nodule  in  the  cutis,  which  steadily  enlarges 
and  soon  ulcerates.  In  common  with  other  forms  of  cutaneous  sarcoma 
this  variety  also  tends  to  be  followed  by  secondary  nodules  m  the 
surrounding  skin,  and  Erichsen  mentions  a  case  in  which  twenty  or 
more  such  tumours,  varying  in  size  from  a  pea  to  a  walnut,  were  present 


Fig.  119. — Melanotic  sarcoma  of  palm. 

From  the  New  Sydenham  Society's  At/as  of  Patliology.) 
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on  the  skin  of  the  leg.  Sooner  or  hxter  visceral  metastases  are  likely 
to  occur. 

Melanotic  sarcoma  of  the  sldn  is  most  common  on  the  hands  and 
feet,  but,  especially  as  the  form  which  arises  in  a  pigmented  mole, 
it  may  occur  in  any  part  of  the  cutaneous  surface.  Sometimes  the 
growth  originates  in  a  scar  such  as  that  left  by  a  punctured  wound, 
as  in  a  case  recorded  by  Eve,  in  which  the  tumour  formed  in  a  scar 


Fig.  120. — Melanotic  sarcoma  arising  in  a  pigmented  mole  of  the 
skin  of  the  back. 

{Fn'l/i  a  case-  itndcr  flu'  cai  i   of  Cln  isUJ>lu'r  Hc.tth.) 

in  the  sole  of  the  foot,  resulting  fi'om  a  wound  twenty  years  previously. 
It  generally  begins  as  a  small  pimple  or  patch  of  a  brown  or  black 
colour  and,  as  it  slowly  increases,  forms  a  raised  and  sometimes 
lobulated  or  sliglitly  pedunculated  tumour  over  which  for  a  considerable 
time  the  epidermic  covering  is  intact.  Eventually  ulceration  occurs 
and  the  tumour  forms  a  fungating  mass  in  which  the  pigmentation  may 
be  very  evident  (Fig.  but  is  sometimes  so  sHght  that  the  tumour 
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may  readily  be  mistaken  for  an  ulcerated  squamous  carcinoma. 
Around  the  primary  tumour  secondary  nodules,  sometimes  in  large 
numbers,  may  appear  in  the  sldn,  or  the  secondary  deposits  may 
take  the  form  of  small  brown  or  black  stains. 

Another  important  variety 
is  that  which  arises  at  the  edge 
of  the  matrix  of  the  nail  as  a 
narrow  brownish  stain.  After 
ulceration  has  occurred  the  nail 
may  separate,  and  the  condition 
may  thus  closely  resemble  some 
forms  of  paronychia.  For  this 
reason  Hutchinson  suggested  the 
name  melanotic  whitlow. 

The  malignant  transforma- 
tion of  a  pigmented  mole  may 
be  evidenced  by  the  occurrence 
of  ulceration,  by  an  extension 
of  the  pigmented  area,  by  the 
growth  of  a  raised  tumour  fi'om 
its  surface  (Fig.  120),  or,  with- 
out any  striking  change  in  the 
mole  itself,  by  the  enlargement 
of  the  neighbouring  lymphatic 
glands. 

The  section  of  a  melanotic 
sarcoma  varies  much  in  its 
naked  -  eye  characters.  Some- 
times it  is  uniformly  black  in 
colour,  but  more  frequently  the 
pigment  is  present  in  the  form 
of  brown  or  black  patches  or 
streaks  in  the  pinkish  -  white 
tumour  substance,  or  may  be 
limited  to  certain  lobules  of  the 
growth  (Fig.  121).  The  extreme 
malignancy  of  melanotic  sar- 
coma is  universally  recognized,  and  while  the  primary  growth  in  the 
sldn  still  remains  an  inconspicuous  and  sometimes  undetected  pig- 
mented spot,  extensive  deposits  of  growth  may  already  have  occurred 
in  the  lymphatic  glands,  and  metastases  may  be  widely  distributed 
in  the  viscera  and  bones.  To  a  certain  extent,  no  doubt,  the  exces- 
sive tendency  to  metastasis  is  apparent  rather  than  real  because  of  the 
fact  that  even  minute  deposits  are  so  easily  recognized  with  the  naked 


Fig.  121. — Section  of  the  melanotic 
sarcoma  illustrated  in  Fig.  120, 


SARCOMA 


497 


eye,  but  even  allowing  for  this  j)ossible  fallacy,  there  is  no  doubt  that 
melanotic  sarcoma  is  a  most  malignant  tumour.  The  investigations 
of  Handley  show  that  even  in  its  earliest  stages  the  tendency  to 
wide-spread  lymphatic  invasion  is  so  great  that  very  free  removal 
of  the  tissues  around  the  primary  growth  and  the  infected  glands  is 
necessary. 

Sarcomas 
fasciae  may 


subcutaneous  tissues 


deep 


of  the 

occur  in 
almost  any  part  of  the 
body,  and  vary  widely  in 
their  histological  struc- 
ture and  clinical  features. 
The  small  round-celled 
variety  is  the  most  ma- 
lignant, and  may  rapidly 
assume  a  large  size,  pre- 
senting in  its  earlier 
stages  the  characters  al- 
ready described  (p.  492), 
and  eventually,  after  ul- 
ceration of  the  overlying 
sldn,  producing  a  large 
fungating  mass,  from 
which  repeated  hiemor- 
rhages  may  occur  (Fig. 
122). 

Sarcoma  of  mus. 
cles  is  very  rare,  but 
is  the  most  common 
tumour  occurring  pri- 
marily in  this  situation. 
It  is  probably  more  fre- 
quent in  the  muscles  of 
the  lower  extremity  than 
in  tliose  of  the  upper,  and  has  been  met  with  more  often  in  the 
proximal  than  in  the  distal  parts  of  the  limbs.  According  to  Butlin, 
the  pectoralis  major,  biceps,  and  sartorius  are  the  muscles  most  often 
affected.  The  round-celled  sarcoma  is  probably  most  frequent.  The 
tumour  may  reach  a  large  size  while  still  entirely  surrounded  by  the 
fascial  sheath  of  the  muscle,  but  when  the  growth  extends  beyond  this 
it  rapidly  involves  the  surrounding  part.  Glandular  enlargement  is 
exceptional,  but  metastases  in  the  viscera  have  been  recorded.  In  its 
early  stages  a  sarcoma  of  muscle  is  likely  to  be  confounded  mth  a 
syphilitic  gumma,  which  is  not  uncommon  in  muscular  tissue. 
■2g 


Fig.  122. — Sarcoma  of  neck. 

iJ^mit  a  case  at  University  College  Hospital.) 
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Tlie  course  likely  to  be  pursued  by  a  sarcoma  of  muscle  is  well 
illustrated  by  tlie  following  case  :  A  girl  aged  15  noticed  a  small 
lump  in  the  calf  of  the  right  leg.  Two  months  later  the  tumour,  as 
large  as  a  plover's  egg,  was  removed  together  with  the  surrounding 
part  of  the  gastrocnemius  muscle  in  which  it  was  situated,  and  proved 
to  be  a  small  round-celled  sarcoma.  Two  months  later  extensive 
recurrence  had  taken  place  in  the  calf  muscles,  and  amputation  was 
performed  through  the  thigh.  When  seen  again,  five  months  after 
amputation,  the  patient  was  suffering  from  fever  and  dyspnoea  ;  two 
pints  of  blood-stained  fluid  were  removed  by  aspiration  from  the  left 
pleural  cavity.  It  was  thus  clear  that  metastases  were  present  in  the 
lungs,  and  that  a  fatal  result  would  not  be  long  delayed. 

The  treatment  of  a  sarcoma  of  muscle  by  the  complete  removal 
of  the  muscle,  as  originally  suggested  by  Teevan,  is  rarely  practicable 
even  if  advisable,  and  in  the  case  of  the  limb  muscles  high  amputation 
is  the  only  alternative.  When  the  muscles  in  the  region  of  the  shoulder 
are  involved,  the  interscapulo-thoracic  amputation  must  be  performed. 

Sarcoma  occasionally  occurs  in  the  muscular  substance  of  the 
tongue,  and  cases  of  this  nature  have  been  recorded  by  Butlin,  Targett, 
Marion,  Littlewood,  and  others.  The  disease  usually  begins  in  the 
substance  of  the  tongue,  while  the  mucous  membrane  over  it  remains 
intact.  Most  of  the  recorded  cases  have  been  of  the  round-celled 
variety,  and  enlargement  of  the  lymphatic  glands  appears  to  be  excep- 
tional. Lympho-sarcoma  of  the  base  of  the  tongue  has,  however, 
caused  extensive  glandular  involvement.  A  sarcoma  of  the  substance 
of  the  tongue  must  be  carefully  distinguished  from  such  inflammatory 
affections  as  gumma,  chronic  abscess  and  actinomycosis,  and  from 
a  simple  angioma. 

Endothelioma  of  the  tongue  has  been  described  by  Lazarus  Barlow 
and  Eve.  In  Eve's  two  cases,  which  should,  perhaps,  rather  be 
regarded  as  instances  of  endothelial  sarcoma  of  low  malignancy, 
the  tumour  formed  a  prominent  elevation  at  the  extreme  base  of  the 
tongue,  and  there  was  some  glandular  enlargement.  In  one  case 
the  tumour  was  of  a  lymphendotheliomatous,  and  in  the  other  of  a 
peritheliomatous,  type. 

In  a  case  of  this  nature  which  we  have  recently  observed  in  a  woman 
aged  42,  the  tumour,  which  had  only  been  noticed  for  a  month,  formed 
a  smooth  prominence  at  the  back  of  the  tongue,  chiefly  to  the  left 
side  of  the  middle  line.  A  considerable  glandular  enlargement  in  the 
right  carotid  triangle  had  existed  for  at  least  two  years.  The  tumour 
of  the  tongue  and  the  glandular  deposit  both  presented  a  structure 
which  was  at  first  thought  to  be  carcinoma,  probably  arising  in  the 
mucous  glands,  but  further  examination  and  a  comparison  with  the 
report  of  Eve's  case  have  convinced  us  that  the  tumour  was  an 
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endothelial  sarcoma  with  mucoid  degeneration  in  the  centre  of  the 
cell  masses. 

In  speaking  of  non-ulcerated  tumours  at  the  back  of  the  tongue 
it  may  not  be  out  of  place  to  refer  to  the  occasional  presence  of  a 
tumour  having  the  structure  of  the  thp-oid  gland  in  tlie  position  of 
the  foramen  caecum,  and  to  remind  our  readers  that  such  a  "  tumour  " 
may  be  associated  with  absence  of  the  normal  gland. 

Sarcoma  of  bone  is  undoubtedly  the  most  important  example 
of  this  form  of  malignant  disease.  The  malignancy  of  bone  sarcomas, 
excluding  the  myelomas  or  "  myeloid  sarcomas "  which  are  now 
by  most  observers  recognized  as  benign  growths,  is  extremely  high. 
Indeed  no  more  malignant  affection  can  be  imagined  tlian  a  periosteal 
sarcoma  of  the  shaft  of  the  femur  in  a  young  subject.  Probably  no 
part  of  tlie  skeleton  is  exempt,  but  in  considering  the  most  important 
features  of  sarcoma  of  the  bones  it  will  be  convenient  to  restrict  our 
remarks  chiefly  to  the  long  bones  of  tlic  limbs,  in  which  the  disease  is 
most  common. 

Sarcoma  of  the  long  bones  occurs  in  two  forms — the  central 
or  endosteal,  and  the  periosteal.  Of  these  the  latter  is  by  far  the  more 
common,  the  difference  being  probably  much  greater  than  most 
statistics  on  the  subject  suggest,  because  of  the  inclusion  in  these 
statistics  of  myelomas  among  the  central  sarcomas.  Both  forms 
tend  to  commence  in  the  articular  extremity  rather  tlian  in  the  shaft. 
This  is  especially  true  of  the  endosteal  tumours,  which  are  exceedingly 
rare  except  at  the  extremity. 

A  central  sarcoma,  as  it  increases  in  size,  causes  "  expansion  of 
the  compact  wall  of  the  bone  (Fig.  123),  wliich  usually  becomes  pro- 
gressively thinned  until  at  one  or  more  spots  the  bony  shell  becomes 
completely  destroyed  and  the  tumour  substance  projects  beneath  tlie 
periosteum  and  in  its  furtlier  growth  behaves  like  a  tumour  beginning 
in  this  situation.  Even  without  any  defect  in  the  bone  visible  to  the 
naked  eye,  a  central  sarcoma  may  reach  the  exterior  by  way  of  the 
vascular  channels  in  the  osseous  tissue.  The  extraordinary  extent 
to  which  a  bone  may  be  expanded  by  a  central  sarcoma  is  most 
strikingly  illustrated  by  the  macerated  specimens  which  are  to  be  fomid 
in  all  pathological  museums.  The  process  is,  of  course,  not  a  mechanical 
one.  Whilst  the  osseous  tissue  is  destroyed  from  within  by  the  growth 
of  the  tumour,  fi-esh  periosteal  bone  is  being  deposited  externally,  and 
thus,  especially  in  the  earlier  stages,  the  bone  may  become  thicker 
and  not  thinner  as  it  is  undergoiaig  expansion.  A  central  sarcoma 
often  extends  along  the  medullary  canal  far  beyond  the  limits  of  the 
enlarged  part  of  the  bone. 

A  periosteal  sarcoma,  especially  when  affecting  the  shaft,  tends  to 
spread  around  the  whole  circumference  of  the  bone,  sometimes  without 
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causing  more  tlian  sliglit  erosion  of  its  surface.  The  tumour  usually 
assumes  a  more  or  less  globular  and  somewhat  lobulated  form  (Fig.  124), 
and  although  the  neighbouring  muscles  are  intimately  incorporated  with 


Fig.  123. — Endosteal  fibre-sarcoma  Fig.  121. — Periosteal  fibro-sarcoma 
of  shaft  of  femur,  in  longitu-  of  shaft  of  humerus,  in  longitu- 
dinal section.  dinal  section. 


its  surface  the  line  of  demarcation  between  the  two  is  w^ell  defined. 
Just  as  a  central  sarcoma  tends  to  extend  through  the  osseous  tissue, 
so  a  subperiosteal  sarcoma  tends  to  invade  the  medullary  canal.    As  a 
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result  of  the  weakening  of  the  bone,  spontaneous  fracture  is  not  an 
uncommon  occurrence  (Fig.  125),  but  is  less  frequent  than  in  secondary 
carcinoma.  It  is  most  likely  to  occur  when  the  tumour  involves  the 
middle  part  of  the  shaft.  Sarcomas,  although  particularly  prone  to 
begin  in  the  extremities  of  the  long  bones, 
rarely  actually  involve  the  joint  cavity, 
and,  as  in  the  case  of  the  myelomas,  tlie 
articular  cartilage  usually  remains  intact, 
even  though  the  tumour  substance  extends 
to  its  deep  surface. 

The  clinical  distinction  between  a  cen- 
tral and  a  periosteal  sarcoma  can  often  be 
made  with  tolerable  certainty,  even  with- 
out X-ray  examination.  In  the  former, 
although  the  tumour  may  project  only 
from  one  aspect  of  the  bone,  it  can 
generally  be  detected  that  the  bone  is 
enlarged  in  other  parts  of  its  circumfer- 
ence. The  periosteal  tumour  is  likely  to 
be  more  extensive  ;  it  projects  as  a 
somewhat  lobulated  mass  from  the  bone, 
often  surrounding  its  whole  circumfer- 
ence, and  the  borders  of  the  tumour  in 
relation  to  the  bone  are  more  abrupt.  It 
is  also  of  importance  that  pulsation  can 
more  often  be  detected  in  a  central 
growth,  in  that  part  which  has  projected 
through  the  expanded  osseous  tissue. 

Among  the  most  important  varieties  of 
sarcoma  which  aiiect  the  bones  are  roxmd-, 
spindle-,  and  mixed-celled  sarcomas,  an- 
gio-sarcoma  (endothelial  sarcoma),  chon- 
drifying  sarcoma,  and  ossifying  sarcoma. 
Probably  the  most  common  form  of  peri- 
osteal sarcoma  is  the  spindle-celled,  and  it 
is  in  this  form  that  chondritication  and 
ossification  are  most  commonly  seen. 
Round-celled  sarcoma  is  said  to  occur 
more  frequently  as  a  central  growth. 

The  formation  of  cartilage  or  bone  in  a 
sarcoma  of  bone  may  be  so  slight  as  only 
to  be  detected  on  minute  examination,  or,  on  the  other  hand,  may  be 
so  marked  a  feature  of  the  tumour  as  to  give  it  the  appearance  of 
a  mass  of  cartilage  or  bone.    Microscopical  examination  may  alone 


Fig.  125.  —  Spindle-celled 
sarcoma  of  periosteum 
of  shaft  of  femur,  leading 
to  spontaneous  fracture. 

(  This  and  the  two  preceding  Jl^urcs 
arc  froiii  specimens  in  the  Mmctan 
of  University  College  Hospital.) 
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enable  the  true  nature  of  the  tumour  to  be  determined  (p.  490). 
If  an  ossifying  sarcoma  is  macerated,  it  is  often  found  that  the  bone 
in  the  tumour  presents  the  form  of  long,  closely  packed  spicules 
radiating  from  the  surface  of  the  bone. 

The  occasional  development  of  a  sarcoma  in  a  bone  at  the  site  of 
a  previous  fracture  may  be  mentioned  as  a  rare  occurrence.  In  this 
connexion  it  is  obviously  very  important  not  to  confuse  the  sequence 
of  events,  for,  as  we  have  seen,  fracture  resulting  from  a  sarcoma  is 
not  uncommon.  Cases  in  which  such  a  mistake  may  safely  be  excluded 
are  recorded,  as,  for  instance,  that  described  by  Shattock,  in  which 
a  chondrifying  sarcoma  of  the  humerus  first  showed  itself  about 
twelve  Aveeks  after  a  traumatic  fracture,  which  had  repaired  normally. 
Amputation  was  performed  at  the  shoulder- joint,  and  death  occurred 
about  two  years  later  with  symptoms  of  recurrence  in  the  chest. 

Reference  may  also  be  made  to  other  pathological  conditions 
following  fractures,  which  may  be  mistaken  for  a  malignant  growth. 
Among  these  are,  first,  cases  in  which  from  various  causes  an  exaggerated 
formation  of  callus  occurs  ;  secondly,  diffuse  osteoma  as  recorded  by 
Battle  and  Shattock  ;  and,  lastly,  a  condition  illustrated  by  a  remark- 
able case  brought  by  Bilton  Pollard  before  the  Pathological  Society, 
in  which,  following  an  injury  to  a  child's  leg,  not  certainly  a  fracture, 
there  was  an  enlargement  of  the  tibia  and  fibula  which  was  treated  by 
amputation.  In  this  case  the  tumours,  which  were  regarded  clinically 
as  sarcomas,  were  after  removal  considered  to  be  due  to  simple  hyper- 
trophy of  callus,  but  more  recent  examination  of  the  specimen  by 
Shattock  seems  to  make  it  probable  that  the  spongy,  bony  tumours 
were  inflammatory,  and  examples  of  the  rare  condition  for  which  the 
name  "  non-calcifying  plastic  osteitis  "  has  been  suggested.  It  will 
thus  be  seen  that  much  consideration  is  necessary  before  deciding  that 
a  tumour  of  a  bone  following  a  fracture  is  sarcomatous  and  requires 
amputation. 

Among  the  long  bones  of  the  limbs  the  tibia,  femur  and  humerus 
are  the  most  liable  to  sarcoma,  probably  in  the  order  given,  and  in 
these  bones  the  upper  ends  of  the  tibia  and  humerus  and  the  lower 
end  of  the  femur  are  the  favourite  sites.  The  radius  and  fibula  are 
rarely,  and  the  ulna  very  rarely,  affected.  With  regard  to  glandular 
invasion,  it  may  be  said  that  it  is  often  absent,  unless,  as  in  the  case 
of  the  upper  part  of  the  femur  or  humerus,  the  disease  has  extended 
from'  the  bone  to  the  neighbouring  soft  parts  of  the  groin  or  axilla. 
Round-celled  sarcomas  are  probably  more  prone  to  invade  the  glands 
than  spindle-celled.  The  extreme  malignancy  of  bone  sarcoma  is 
manifested  chiefly  by  the  tendency  of  the  disease  to  cause  metastases, 
especially  in  the  lungs,  and  the  relative  malignancy  in  different  cases 
seems  to  be  determined  rather  by  the  particular  bone  which  is  affected 
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and  by  the  central  or  periosteal  origin  of  the  growth  than  by  differences 
in  microscopic  structure.  Thus,  although  in  general  terms  round- 
celled  sarcoma  is  more  malignant  than  spindle-celled,  this  statement 
can  hardly  be  applied  to  sarcoma  of  the  long  bones,  because  periosteal 
tumours,  although  usually  composed  of  spindle  cells,  are  so  intensely 
malignant.  The  presence  of  a  marked  tendency  to  ossification  or 
chondrification  might  also  on  general  grounds  be  exj^ected  to  diminish 
the  mabgnancy  of  a  bone  sarcoma,  but  most  surgeons  will  agree  with 
Butlin  that  this  is  not  so.  An  extensively  ossified  or  chondrified 
spindle-celled  sarcoma  of  the  periosteum  appears  to  pursue  a  course 
as  malignant  as  that  of  a  similar  tumour  in  which  no  such  specialized 
tissue  is  present.  In  these  cases  also,  as  already  pointed  out,  it  may 
be  found  that  the  metastases  in  the  lungs  show  a  corresjionding  mixed 
structure. 

In  connexion  with  the  symptoms  produced  by  a  sarcoma  of  bone, 
it  may  be  said  that  in  the  early  stages  they  are  in  no  way  characteristic. 
After  a  fixed  pain  in  the  part,  lasting  probably  several  weeks  or  a  few 
months,  often  referred  to  the  neighbouring  joint  and  wrongly  attributed 
to  rheumatism,  a  swelling  is  noticed,  which  may  also  closely  simulate 
an  enlarged  joint. 

The  symptoms,  as  regards  both  pain  and  swelling,  are  usually 
continuously  progressive,  and  thus  are  often  in  striking  contrast  with 
those  due  to  inflammatory  conditions  in  which  more  or  less  marked 
intermissions  are  common.  The  amomit  of  interference  with  the 
movements  of  the  neighbouring  joint  is  usually  less  in  the  case  of  a 
bone  tumour  than  a  bone  inflammation. 

It  occasionally  happens  that  spontaneous  fracture  results  from  a 
sarcoma  of  bone  before  the  other  symptoms  are  at  all  pronounced. 
Thus,  in  the  case  of  a  man  aged  35,  who  was  under  the  care  of  Chris- 
topher Heath,  sHght  pain  and  swelHng  had  been  noticed  in  the  right 
arm  for  five  months,  when  the  limb  suddenly  fell  helpless  whilst  being 
raised  to  box  a  boy's  ears,  spontaneous  fracture  having  occurred  at 
the  seat  of  a  periosteal  spindle-celled  sarcoma  of  the  humerus. 

Enough  has  been  said  to  show  that  the  early  diagnosis  of  a 
sarcoma  of  one  of  the  long  bones  may  be  attended  with  great  difficulty. 

1.  At  the  risk  of  re23etition,  it  may  be  pointed  out  that  the  dif- 
ferentiation from  various  inflammatory  conditions  may  be  particularly 
difficult,  especially  from  such  conditions  as  syplulitic  periostitis  and 
osteitis,  tuberculous  osteitis,  and  central  chronic  abscess.  In  this 
connexion  X-ray  examination  may  prove  of  great  value. 

The  most  striking  features  of  the  radiograms  obtained  in  the  chief 
conditions  which  may  simulate  a  sarcoma  of  bone  may  be  stated  as 
follows  :  In  a  localized  enlargement  due  to  chronic  periostitis  with 
superficial  osseous  deposit  the  radiogram  is  characterized  by  the 
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presence  of  lines  parallel  to  the  surface.  In  a  central  abscess  with 
surrounding  sclerosis  the  enlarged  part  of  the  bone  gives  a  dense 
shadow  in  which  is  a  paler  area,  sometimes  surrounding  the  denser 
shadow  of  a  sequestrum.  In  a  tuberculous  bone,  Shenton,  who  has 
recently  pubHshed  a  valuable  work  on  the  detection  of  bone  disease 
by  X-rays,  states  that  "  instead  of  the  clear  outline  of  the  bones  and 
their  cancellated  structure,  a  fluffy  effect  is  seen,  the  outline  being 
blurred  and  the  cancellous  tissue  difficult  of  detection."  Shenton 
further  points  out  that  the  bone  around  a  tuberculous  cavity  is  poor 
in  mineral  matter,  and,  being  more  transparent  than  usual,  the  contrast 
between  it  and  the  abscess-cavity  may  be  very  slight.  In  a  central 
tumour,  such  as  a  myeloma,  the  expansion  of  the  bone  may  be  very 
obvious  :  whilst  in  a  periosteal  sarcoma  there  may  be  very  marked 
irregularities  about  the  affected  part  of  the  bone,  and  in  the  tumour 
itself  ossification  may  produce  an  irregular  spotted  appearance  quite 
unUke  the  Unear  arrangement  of  the  new  bone  in  periostitis.  If  other 
means  fail,  no  time  should  be  lost  in  estabHshing  the  diagnosis  by 
means  of  an  exploratory  incision.    (See  also  post,  pp.  640-1.) 

2.  From  chronic  articular  disease  a  sarcoma  in  the  joint  extremity 
of  a  long  bone  can  usually  be  distinguished  by  careful  examination, 
and  the  same  considerations  must  be  taken  into  account  as  were 
mentioned  in  connexion  with  the  diagnosis  of  myeloma  (p.  403). 

3.  The  diagnosis  from  sarcoma  of  the  soft  structures,  such  as  the 
muscles,  is  not  usually  difficult,  except  in  advanced  cases  when  such 
a  tumour  has  contracted  secondary  attachments  to  the  bone. 

4.  A  periosteal  sarcoma  sometimes  increases  rapidly  in  size  as  the 
result  of  haemorrhage  into  its  substance.  This  may  cause  a  close 
resemblance  to  a  chronic  abscess,  and  in  the  same  connexion  it  may 
be  mentioned  that  especially  in  infants  a  periosteal  hcemorrhage  may 
simulate  a  new  growth. 

5.  The  pulsation  in  a  vascular  sarcoma  protruding  from  the  expanded 
bone  has  occasionally  produced  a  close  resemblance  to  an  aneurysm  of 
the  adjacent  large  artery. 

6.  It  cannot  be  too  strongly  insisted  that  in  every  case  of  suspected 
sarcoma  of  bone  in  a  middle-aged  or  elderly  subject  the  possi- 
bility that  the  tumour  is  a  secondary  carcinoma  must  be  carefully 
considered  (p.  .524). 

The  only  available  treatment  in  most  cases  of  sarcoma  of  the  long 
bones  is  amputation,  and  when  the  growth  is  periosteal  the  whole 
bone  should  be  removed.  Exception  may,  perhaps,  be  made  in  certain 
cases  in  which  the  tumour  is  situated  at  the  extreme  lower  end  of  the 
femur,  when  amputation  may  be  performed  below  the  trochanters 
rather  than  at  the  hip- joint.  In  those  very  rare  cases  in  which  sar- 
coma affects  the  fibula  or  one  of  the  forearm  bones  it  may  sometimes 
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be  justifiable  to  practise  a  free  removal  of  tlie  affected  jaart  of  the 
bone  in  j^lace  of  amputation. 

Tlie  prognosis  in  periosteal  sarcoma  of  the  lono-  bones,  even  after 
high  amputation  in  early  cases,  is  most  unfavourable.  Of  68  cases 
of  periosteal  sarcoma  collected  by  Butlin  in  1900,  there  was  only  one 
in  which  a  cure  seems  to  have  been  effected,  the  patient  being  alive 
and  well  eight  years  after  the  operation,  and  even  in  this  case  there 
is  some  doubt  whether  the  tumour  was  not  central  in  origin.  Even 
allowing  for  the  fact  that  these  figures  concern  the  most  deadly  form 
of  the  disease,  there  can  be  no  doubt  of  the  extreme  malignancy  of 
sarcomas  of  the  long  bones.  In  the  large  majority  of  cases  death 
occurs  from  metastases  in  the  lungs. 

Of  sarcomas  of  other  bones  little  more  need  be  said  than  that 
they  may  occur  in  any  situation,  such  as  the  skull,  spine,  sternum 
and  ribs,  scapula,  clavicle,  pelvis,  patella,  and  in  the  bones  of  the 
hand  and  foot.  In  some  of  these  situations  the  early  diagnosis  may 
be  most  obscure,  and  the  most  various  symptoms,  such  as  those  due 
to  pressure  on  the  spinal  cord  when  the  spine  is  involved,  or  on  the 
sciatic  nerve  by  a  tumour  of  the  pelvis,  may  precede  the  detection  of 
a  tumour.  Even  in  readily  accessible  situations  the  difficulty  in  early 
diagnosis  may  be  great,  as,  for  instance,  in  a  case  of  romid-celled 
sarcoma  of  the  os  calcis,  in  which  the  disease  was  at  first  regarded 
and  treated  as  tuberculous,  until  the  detection  of  pulsation,  as  the 
swelling  increased,  revealed  its  true  nature. 

Sarcoma  of  the  jaws  is  not  micommon,  and  is  most  frequently 
periosteal  in  origin.  The  term  "  central  "  as  applied  to  tumours  of 
the  maxilla  is  liable  to  be  misleading  if  used  for  all  tumours  arising 
in  the  antrum,  for  probably  such  tumours,  as  a  rule,  arise  in  the  muco- 
periosteum  lining  the  cavity.  Sarcoma  is  more  common  in  the  mandible 
than  the  maxilla,  and  all  the  forms  already  described  in  the  long  bones 
may  occur  in  this  situation.  Sarcoma  of  the  maxillary  antrum  is  very 
mahgnant,  and  may  extend  very  insidiously  to  the  surrounding  cavities. 

Sarcoma  of  the  alimentary  canal  may  occur  at  any 
part  of  its  length,  and  probably  commences  most  commonly  in  the 
mucous  membrane  or  the  submucous  tissue,  or  beneath  the  serous 
coat.  In  a  communication  on  this  subject  made  by  Corner  and  Fair- 
bank  to  the  Pathological  Society  of  London  in  1905,  175  cases  are 
tabulated,  and  show  the  following  distribution,  viz.  :  oesophagus,  14  ; 
stomach,  58  ;  small  intestine,  65  ;  ileo-csecal  region,  20  ;  large  intes- 
tine, 11  ;  and  rectum,  7.  In  the  small  intestine  the  disease  increases 
in  frequency  in  passing  from  the  duodenum  to  the  ileum. 

In  the  submucous  variety  the  tumour  may  assume  an  annular  form, 
or  may  project  into  the  lumen  as  a  polypoid  mass.  In  the  subserous 
form,  as  in  the  stomach,  a  large  pedimculated  tumour  may  result. 
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The  round-celled  form  is  most  common,  and  glandular  invasion 
is  present  in  about  one-third  of  the  cases.  Metastases  in  the  lungs 
appear  to  be  rare,  but  are  common  in  the  liver  and  kidneys.  In  the 
intestine  intussusception  may  result  and  cause  haemorrhage,  but,  apart 
from  this,  haemorrhage  is  rare.  Melanotic  sarcoma  has  several  times 
been  recorded  in  the  lower  part  of  the  rectum. 

Among  the  features  which  may  help  to  distinguish  sarcoma  of  the 
alimentary  canal  from  carcinoma.  Corner  and  Fairbank  mention  the 
rapid  course  of  the  disease  and  the  early  occurrence  of  marked  anaemia 
and  wasting,  the  presence  of  a  tumour  of  considerable  size,  the  absence 
of  hsemorrhage,  and  the  presence  of  irregular  fever. 

Sarcoma  of  serous  membranes  usually  occurs  in  the  form 
of  an  endotlieUal  sarcoma.  Such  a  growth  may  be  illustrated  by 
certain  tumours  of  the  pleura  wliich  may  take  the  form  of  a  diffuse 
tliickening  of  the  serous  membrane,  associated  with  the  presence  of 
nodules  on  the  surface,  and  of  infiltrating  masses  of  growth  extending 
into  the  mediastinal  tissues  and  the  substance  of  the  lung.  In  one  case 
of  this  land  a  mass  of  growth  extended  from  the  apex  of  the  lung  into 
the  tissues  at  the  root  of  the  neck.  The  structure  of  an  endothelial 
sarcoma  of  the  pleura  is  illustrated  in  Fig  113. 

In  the  peritoneum  similar  growths  have  been  met  with  and  may 
have  the  diffuse  characters  above  described.  The  recognition  of  this 
form  of  sarcoma  may  be  attended  with  much  practical  difficulty. 
Thus,  it  may  closely  resemble  a  chronic  inflammatory  thickening  of 
the  peritoneum,  or  a  diffuse  carcinomatous  infiltration  secondary  to  a 
primary  carcinoma,  especially  of  the  stomach.  It  is  probable  that 
diffuse  endothelial  sarcoma  is  one  cause  of  the  peculiar  condition 
known  as  leather-bottle  stomach,  a  condition  wliich  may  also  result 
from  diffuse  carcinoma  of  the  organ,  as  well  as  from  chronic  gastritis 
and  from  chronic  peritonitis. 

In  the  cerebral  and  spinal  meninges  sarcoma  may  occur  as 
an  angio-sarcoma,  in  wliich  the  peculiar  hyaline  degeneration  of  the 
vessels  already  mentioned  may  be  present  (p.  487).  Sarcomas  of 
the  meninges  may  extend  into  the  brain  substance,  or  perforate  the 
skull. 

Sarcomas  occasionally  arise  in  the  subserous  tissue,  especially 
of  the  peritoneum.  Retroperitoneal  sarcoma  usually  occurs  as 
the  round-celled  form,  and  in  some  instances  arises  in  the  aortic 
glands  as  a  lymplio-sarcoma.  In  other  cases  the  growth  probably 
begins  in  the  perirenal  connective  tissue.  Tumours  of  this  nature 
often  reach  large  proportions,  and  may  readily  be  confused  with  other 
abdominal  growths,  especially  of  the  Iddney.  Subserous  sarcomas  are 
occasionally  met  with  in  the  omentum  and  mesentery.  Similar  tumours 
also  occur  in  the  mediastinum. 
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Sarcoma  of  the  kidney. — In  adult  life  sarcoma  of  the 
kidney  is  rare,  and  j)robably  usually  takes  its  origin  in  connexion  with 
the  renal  capsule  ;  indeed,  many  tumours  having  clinical  features 
suggesting  a  renal  origin  arise  in  the  perirenal  tissue,  and  are  to  be 
regarded  as  retroperitoneal  sarcomas.  At  all  ages  it  is  necessary  to 
distinguish  clearly  between  the  renal  sarcomas  and  renal  hyper- 
nephromas. 

In  early  life  a  tumour  of  the  Iddney  is  not  uncommon  which  is 
known  by  the  names  of  renal  sarcoma  of  infants,  adeno-sarcoma, 
myo-sarcoma,  and  embryonic  tumour.  It  is  characterized  by  the 
enormous  size  whicli  it  may  rapidly  attain,  often  without  haematuria 
or  pain. 

Examination  of  such  a  growth  shows  that  it  is  usually  soft  and 
lobulated,  yellowish-wliite  in  colom',  and  sometimes  cystic,  and  further 
that  it  does  not  appear  to  originate  in  the  kidney  substance  itself 
but  in  the  neighbourhood  of  the  hilum,  and  that  as  it  increases  in  size 
it  displaces  the  kidney  substance,  so  that  the  latter  may  eventually 
form  a  thin  layer  spread  out  over  the  surface  of  the  growth.  Not 
very  infrequently  the  tumour  is  bilateral. 

Microscopically  the  structure  of  tumours  of  this  class  differs  widely, 
sometimes  in  different  parts  of  the  same  growth.  In  some  instances 
the  structure  appears  to  be  that  of  a  simple  romid-celled  sarcoma, 
whilst  in  others  the  most  striking  histological  feature  is  the  presence 
of  spaces  or  branching  tubules  lined  with  cubical  or  columnar  cells,  as 
in  Fig.  126.  On  account  of  this  structure  the  name  adeno-sarcoma 
is  sometimes  applied  to  the  tumours  of  this  class.  According  to 
Nicholson,  who  discusses  the  subject  fully  in  Givjs  Hospital  Reports, 
tubules  can  always  be  foimd  on  careful  examination  of  tumours  which 
at  first  sight  apj^ear  to  be  pure  round-celled  sarcomas.  In  the  tra- 
becultE  wliich  separate  the  cellular  masses,  plain  muscle-fibres  are 
often  present,  and  occasionally  striated  muscle,  cartilage,  and  other 
structures  have  been  demonstrated. 

Although  for  convenience  we  have  described  this  form  of  renal 
tumour  among  the  sarcomas — and  indeed  in  many  instances  the 
tumour  has  for  the  most  part  a  sarcomatous  structure — it  is  clear 
from  the  above  description  that  the  growths  in  question  are  of  a 
composite  nature.  The  complicated  structure  can  probably  be  most 
satisfactorily  explained  by  supposing  that  tlie  tumour  has  arisen  in 
tissue  derived  from  an  undifferentiated  portion  or  "  rest  "  of  a  meso- 
blastic  segment. 

The  lympliatic  glands  are  not  infrequently  tlie  seat  of  secondary 
deposits,  and  metastases  are  most  common  in  the  lungs  and  liver. 

The  prognosis  after  removal  of  tumours  of  tliis  nature  is  very 
unfavourable.    The  mortality  resulting  from  the  ojaeratiou  is  still 
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liigh,  and  very  few  cases  of  prolonged  freedom  from  recurrence  are 
on  record. 

Sarcoma  of  the  testicle  is  not  common,  and  in  many- 
recorded  cases  seems  to  liave  been  very  definitely  related  to  a  previous 
injury.  It  is  usually  of  the  small  round-celled  form.  Both  clinically 
and  histologically  it  closely  resembles  the  soft,  undifferentiated  form 
of  carcinoma  which  chiefly  affects  this  organ.  Nicholson,  who  has 
written  a  valuable  thesis  on  new  growths  of   the  testicle  {Guy's 


Fig.  126. — Microscopic  section  of  embryonic  tumour  of  kidney 
of  a  child. 

Hospital  Reports),  is  of  opinion  that  many  soft  cancers  have  been 
classed  as  sarcomas,  and  that  sarcoma  is  really  the  less  common 
of  the  two  forms  of  malignant  growth.  The  tumour  presents  itself 
as  a  uniform  enlargement  of  the  testicle,  often  so  soft  and  elastic 
as  to  be  confused  with  a  fluid  swelling.  In  the  later  stages  it  may 
perforate  the  coverings  of  the  testicle,  and  even  fungate  through  the 
scrotum.    Sarcoma  of  the  testicle  in  young  children  may  be  bilateral. 

The  tendency  of  sarcoma  of  the  testicle  to  cause  metastases  by  way 
of  the  lymphatics  as  well  as  the  blood-stream  is  generally  regarded 
as  greater  than  in  the  case  of  sarcoma  in  most  other  situations,  but, 
as  Nicholson  suggests,  this  tendency  is  probably  less  marked  than 
is  generally  supposed,  on  account  of  the  confusion  between  sarcomas 
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and  soft  cancers.  The  glands  first  involved  are  those  which  lie 
on  either  side  and  in  front  of  the  aorta  and  vena  cava,  between 
the  level  of  the  renal  vessels  above  and  the  bifurcation  of  the  aorta 
below. 

The  secondary  glandular  deposit  may  reach  a  large  size  and  form 
a  prominent  tumour  situated  chiefly  above  the  level  of  the  umbilicus. 
Enlargement  of  the  inguinal  glands  is  very  unhkely  to  occur  unless 
the  disease  of  the  testicle  has  involved  the  scrotum,  but  it  is  of 
interest  that  enlargement  of  the  left  supraclavicular  glands  has  been 
observed  (p.  4(31). 

Sarcoma  and  the  other  forms  of  new  growth  affecting  the  testicle 
may  develop  in  an  organ  wliich  is  retained  in  the  inguinal  canal  or 
abdominal  cavity,  and  it  is  generally  supposed,  but  not  on  very  satis- 
factory evidence,  that  malposition  of  the  testicle  renders  it  more  than 
usually  liable  to  malignant  disease.  The  much  greater  frequency  of 
inguinal  tlian  of  abdominal  retention  explains  the  greater  frequency 
of  malignant  growths  in  the  former  situation.  When  a  testicle  in  the 
abdomen  is  affected,  an  abdominal  tumour  situated  laterally  below 
the  level  of  the  umbihcus  is  produced,  the  nature  of  which  may  be 
altogether  obscure  until  the  absence  of  the  corresponding  testicle 
from  the  scrotum  is  observed.  Osier,  who  has  drawn  attention  to  the 
clinical  characters  of  the  abdominal  tumours  resulting  from  malig- 
nant disease  of  the  testicle,  has  found  that  ascites  is  not  apparently 
uncommon. 

Although  one  or  two  attempts  have  been  made  to  apply  to  malig- 
nant disease  of  the  testicle  the  general  principle  of  extirj^ating  the 
corresponding  lymphatic  area,  Jamieson  and  Dobson,  as  the  result 
of  their  investigations  on  the  distribution  of  the  glands  receiving  the 
lymphatics  of  the  organ,  doubt  whether  such  an  object  is  attainable. 

Sarcoma  of  the  ovary  in  adults  is  usually  unilateral,  and 
may  reach  a  large  size,  tending  to  spread  to  the  surrounding  structures 
and  to  cause  metastases.  The  characters  of  the  tumour  itself  are 
liable  to  vary  according  as  it  is  round-celled  or  spindle-celled,  the 
former  being  much  the  softer  of  the  two. 

In  connexion  with  the  not  infrequent  occurrence  of  sarcoma  of  the 
ovaries  in  young  children,  it  may  be  convenient  here  to  refer  to  the  fact 
that  sarcoma  is  known  to  affect  the  other  pelvic  organs  in  young 
children,  such  as  the  prostate,  testicles,  uterus,  vagina,  and  bladder. 
In  the  ovaries  and  testicles  the  disease  is  not  uncommonly  bilateral.  In 
the  bladder,  sarcoma  in  children  may  occur  as  a  fungating  mass,  but 
more  often  assumes  a  polyjjoid  form  in  which  the  sarcoma  elements 
are  largely  mixed  with  myxomatous  tissue.  Targett,  who  has  studied 
tumours  of  this  nature,  is  of  opinion  that  most  cases  described  as  mucous 
polypi  of  the  bladder  in  children  are  really  sarcomatous.    The  tumour 
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may  reach  a  large  size  and  prove  fatal  by  obstruction  of  the  ureters. 
In  the  uterus  and  vagina,  sarcoma  in  early  hfe  may  also  assume  a 
similar  myxomatous  and  polypoid  form,  and  the  disease  is  likely  to 
involve  the  bladder  wall  and  eventually  extend  into  the  interior  of 
the  viscus  in  forms  similar  to  those  of  the  primary  vesical  growths. 
Among  26  cases  of  sarcoma  of  the  vagina  in  children,  collected  by 
D'Arcy  Power,  the  wall  of  the  bladder  was  involved  in  10.  Sarcoma 
of  the  prostate  is  also  not  very  rare  in  early  life,  and,  like  the  similar 
tumours  beginning  in  the  other  pelvic  viscera,  may  form  a  tumour  of 
large  size  projecting  upwards  above  the  pubes. 

Sarcomas  of  these  organs  in  children  thus  form  a  definite  group 
characterized  by  the  tendency  of  the  growth  to  become  polj^joid  and 
myxomatous.  The  disease  appears  usually  to  originate  in  the  sub- 
mucous tissue,  although  in  the  case  of  the  prostate  the  growth  may 
probably  begin  in  the  fibrous  capsule  of  the  gland,  and  in  some  tumours 
the  origin  appears  to  be  rather  in  the  pelvic  cellular  tissue  than  in  the 
viscera  themselves. 

Further  reference  is  hardly  necessary  to  primary  sarcoma  of  the 
bladder,  prostate,  and  vagina  in  adults,  the  disease  not  being  common 
in  any  of  these  situations. 

In  the  adult  uterus  sarcoma  may  occur  in  several  forms.  In 
one  variety  it  appears  as  a  fungating  mass  projecting  into  the  uterine 
cavity  and  tending  to  become  polypoid,  and  even  extending  into  the 
vagina,  whilst  in  other  cases  the  tumour  extensively  infiltrates  the 
uterine  wall  and  may  extend  through  its  whole  tliiclaiess  so  as  to  form 
nodular  projections  beneath  the  peritoneum.  Sarcoma  of  the  uterus 
may  also  occur  as  a  malignant  transformation  of  a  fibro-myoma.  To  the 
naked  eye  the  change  may  not  be  striking,  but  sometimes  the  charac- 
teristic appearance  of  the  simple  tumour  gives  place  to  a  more  homo- 
geneous and  waxy  appearance.  Microscopically  the  elongated  muscle 
cells  are  found  to  be  separated  by  sarcoma  cells— oval,  spindle-shaped 
or  multinucleated. 

A  rare  variety  of  sarcoma  of  the  xiterus  is  the  grape-like  form  in 
which  the  cervix  is  distended  by  polypoid  masses  that  may  project 
into  the  vagina  and  even  infiltrate  its  wall.  Tliis  form  corresponds 
with  that  sometimes  occurring  in  young  children,  which  has  been 
already  mentioned. 

True  sarcoma  of  the  breast  is  rare,  and  statistical  state- 
ments on  the  subject  have  in  the  past  been  rendered,  to  a  large  extent, 
valueless  by  the  inclusion  among  the  sarcomas  of  those  softer,  more 
rapidly  growing  forms  of  fibro-adenoma  under  the  name  of  adeno- 
sarcoma.  The  name  must  be  reserved  for  malignant  connective- 
tissue  tumours  in  the  growth  of  which  the  glandular  elements  take 
no  part. 
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A  sarcoma  of  the  mamma  shows  for  a  considerable  time  a  strildug 
tendency  to  encapsulation,  a  definite  fibrous  layer  intervening  between 
the  tumour  substance  and  the  surrounding  tissues.  The  spindle- 
celled  variety  is  the  most  common,  but  round-celled  sarcoma,  alveolar 
sarcoma,  and  myxo-sarcoma  also  occur,  and  in  rare  instances  true 
cartilage  has  been  present  in  the  tumour.  In  the  softer  forms,  hsemor- 
rhagic  extravasations  and  cystic  changes  are  common.  The  tumour 
presents  clinical  features  which  are  in  many  respects  intermediate 
between  a  soft  fibro-adenoma  on  the  one  hand  and  a  soft  carcinoma 
on  the  other.  Thus,  although  not  presenting  the  free  independent 
mobility  of  a  fibro-adenoma,  it  does  not  attach  itself  to  the  surrounding 
structures  so  early  as  a  carcinoma.  Glandular  enlargement  may  be 
absent  even  in  the  later  stages.  The  tumour,  if  allowed  to  continue 
its  growth,  may  reach  a  very  large  size,  and  eventually  will  fungate 
through  the  skin  in  the  manner  alread}^  described  (p.  4U2).  The 
diagnosis  of  the  disease  from  various  cystic  conditions  and  from  the 
other  soft,  solid  tumours  of  the  breast  is  beset  with  difficulty,  but 
excision  of  the  suspected  tumour  will  usually  enable  the  surgeon  to 
decide  whether  or  not  to  proceed  at  once  to  the  complete  opera- 
tion on  the  same  lines  as  adopted  for  carcinoma.  Dissemination  by 
way  of  the  blood-stream  may  occur,  but  in  some  cases  of  sarcoma  of 
the  breast  the  malignancy  is  chiefly  manifested  by  local  recurrence 
after  operation,  tlie  recurrences  being  sometimes  spread  over  a  period 
of  many  years. 

Sarcoma  of  the  thyroid  gland  is  probably  less  common 
than  carcinoma,  and  is  usually  of  the  simple  round-  or  spindle-celled 
variety.  It  can  hardly  be  distinguished  clinically  from  soft  carcinoma, 
although  Berry  points  out  that  ordinarily  it  is  of  more  rapid  growth 
and  shows  a  greater  tendency  to  be  limited  to  one  lobe.  The  invasion 
of  the  surroimding  structures,  especially  the  trachea  and  lymphatic 
glands,  soon  renders  the  disease  inoperable. 

Sarcoma  of  the  brain  is  much  less  common  than  glioma, 
but  may  occur  as  the  round-  or  spindle-celled  form,  or  as  a  glio- 
sarcoma.  A  sarcoma  of  the  brain  substance  may  be  indistinguishable 
with  the  naked  eye  fi'om  a  glioma,  but  differs  fi-om  it  in  its  tendency 
to  involve  the  membranes,  and  even  the  bone. 

Sarcoma  of  nerves. — Sarcoma  of  the  large  nerve  trunks 
is  very  rare,  and  has  been  met  with  chiefly  in  the  lower  limbs,  the 
sciatic  nerve  being  most  commonly  affected.  Among  the  recorded 
cases  the  spindle-celled  form  has  been  the  most  frequent,  but  round- 
celled  sarcoma  and  myxo-sarcoma  have  been  met  with.  The  tumour 
caused  by  a  sarcoma  of  a  large  nerve  trunk  may  attain  a  large  size  ; 
it  tends  to  become  lemon-shaped  as  the  result  of  the  extension  of  the 
growth  for  a  short  distance  into  the  nerve  trunk  at  each  pole  of 
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tlie  tumour.  The  nerve  fibres  themselves  are  more  or  less  extensively 
destroyed  by  the  infiltrating  growth,  and  the  function  of  the  nerve 
correspondingly  interfered  with.  In  this  respect  the  sarcoma  contrasts 
with  a  simple  tumour  of  a  nerve  trunk. 

From  a  study  of  recorded  cases,  Alexis  Thomson  finds  that  the 
malignancy  of  sarcoma  of  the  nerve  trunk  of  the  limbs  is  very  high, 
and  that  even  after  removal  of  a  considerable  part  of  the  affected 
nerve  trunk,  together  with  the  tumour,  local  recurrence,  followed  by 
metastases,  has  usually  occurred.  High  amputation  should,  when 
practicable,  be  practised  as  early  as  possible. 

Reference  has  already  been  made  to  the  supervention  of  sarcoma 
in  cases  of  neuro-fibromatosis  (p.  .375). 

Sarcoma  of  the  eye  occurs  in  two  chief  forms — glioma  of 
the  retina  and  sarcoma  of  the  uveal  tract.  Glioma  of  the  retina 
always  occurs  in  early  life,  and  may  arise  independently  in  both  eyes. 
According  to  Parsons,  it  is  probable  that  in  all  cases  the  tumour  is 
of  congenital  origin,  and  in  two-thirds  of  the  cases  it  is  first  noticed 
before  the  end  of  the  third  year  of  life.  Tlie  tumour,  which  originates 
most  frequently  in  the  inner  layers  of  the  retina,  is  white  or  gTeyish- 
white  in  colour,  and  may  contain  gritty  spots  due  td  calcareous 
deposit  and  pigmented  areas  resulting  from  haemorrhage.  The  growth 
causes  early  detachment  of  the  retina,  and  at  a  later  stage  secondary 
glaucoma.  It  exhibits  very  marked  local  and  general  malignancy. 
After  extending  beyond  the  globe  it  spreads  backwards  along  the 
optic  nerve  and  into  the  orbital  tissues.  Secondary  deposits  are  most 
common  in  the  brain  and  lymphatic  glands,  but  have  also  been  found 
in  the  bones  and  viscera. 

Sarcoma  of  the  uveal  tract  usually  begins  in  the  choroid, 
and  much  less  frequently  in  the  ciliary  body  or  the  iris.  As  a  rule, 
the  growth  is  pigmented,  and  the  cell-elements  spindle-shaped.  The 
tumour  is  usually  first  recognized  by  the  detachment  of  the  retina 
which  it  causes,  whilst  later,  like  glioma,  it  occasions  secondary 
glaucoma.  Still  later  the  tumour  tends  to  extend  through  the 
sclerotic  and  to  cause  metastases,  especially  in  the  liver.  In  melanotic 
sarcoma  of  the  uveal  tract,  unlike  glioma  of  the  retina,  the  lymphatic 
glands  are  very  rarely  affected. 

CARCINOMA 

A  carcinoma  is  a  malignant  tumour  arising  in  epithelium  and 
characterized  by  a  progressive  invasion  of  the  adjacent  tissues  by  the 
epithelial  cells.  The  only  essential  constituent  of  a  carcinoma  is  the 
epithelium,  whilst  the  stroma,  which  often  forms  a  considerable  part 
of  the  bulk  of  the  tumour,  is  merely  an  expression  of  the  reaction  of 
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the  tissues  to  the  infiltrating  epithelial  growth.  The  stroma  is,  therefore, 
absent  at  the  spreading  edge  of  the  tumour  where  the  earliest  invasion 
of  the  tissues  by  the  advancing  epithelial  cell-columns  is  taking  place. 
Again,  when  the  lymphatics  of  a  part  are  permeated  by  cancerous 
epithelium,  the  stroma  reaction  may  be  absent,  and  the  recognition  of 
the  nature  of  the  disease  depends  entirely  upon  the  abnormal  presence 
of  epithelium  cells  in  the  part.  Further,  in  the  rare  form  of  mahgnant 
epithelial  tumour  known  as  chorion-epithelioma,  the  epithelial  elements, 
being  largely  intravenous,  do  not  occasion  any  stroma  reaction. 

When,  however,  as  is  usually  the  case,  a  well-marked  stroma 
reaction  occurs,  the  carcinomatous  tumour  assumes  the  alveolar  arrange- 
ment which  is  seen  when  a  section  is  examined  microscopically. 
The  irregularly  branching  epithelial  columns  or  tubes,  being  cut 
across  in  different  relations  to  their  length,  appear  as  separate  cell 
areas  occupying  spaces  in  the  stroma.  The  stro7na  varies  greatly  both 
in  character  and  amount,  and  takes  an  important  share  in  modify- 
ing the  characters  of  the  tumour.  In  some  instances  it  merely  forms 
slender  strands  carrying  blood-vessels  between  the  masses  of  cancer 
cells,  whilst  in  others  it  forms  the  bulk  of  the  growth  and  the  alveoli 
of  epithelial  cells  are  few  and  small.  In  its  character  also,  the  stroma 
j^resents  striking  variations,  consisting  sometimes  of  dense  fibrous 
tissue  with  scanty  cell-elements,  and  at  other  times  of  richly  cellular 
vascular  tissue,  almost  like  granulation  tissue  in  appearance.  The 
varying  proportion  of  the  epithelial  elements  and  stroma,  and  variations 
in  the  character  of  the  latter,  explain  the  differences  noticed  in  the 
consistence  of  carcinomatous  tumours,  these  differences  being  so 
marked  that  whilst  some  growths  are  extremely  dense  and  hard,  others 
are  soft  and  almost  brain-like. 

From  what  has  been  said  it  will  be  evident  that  the  fundamental 
criterion  upon  which  the  recognition  of  a  carcinoma  depends  is  the 
epitlielial  nature  of  the  essential  cell-elements.  This  can  only  occasion- 
ally be  proved  by  tracing  a  direct  continuity  between  the  tumour- 
cells  and  a  surface  or  glandular  epithelium,  but  even  when  this  is  not 
possible,  valuable  evidence  may  be  obtained  by  noticing  that  the 
cells  lie  in  immediate  contact,  or  are  merely  separated  by  an  almost 
imperceptible  amount  of  intercellular  substance,  and  that  no  exten- 
sions of  the  stroma  or  blood-vessels  penetrate  into  the  cell-masses  (Figs. 
127,  128).  The  line  of  demarcation,  too,  between  the  cell-masses  and 
the  surrounding  stroma  or  other  tissues  is  very  sharply  defined,  espe- 
cially when,  as  in  sj)ecimens  treated  with  fixing  reagents,  the  masses 
of  cells  shrink  away  from  the  tissue  surrounding  them  (Fig.  127). 

As  cancer  always  arises  in  epithelium,  it  is  not  surprising  that 
the  irregularly  proliferating  cells  of  the  new  growth  often  retain  in 
some  degree  the  morphological  characters  of  the  particular  form  of 
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epithelial  cell  in  which  the  growth  originated.  Very  frequently, 
however,  this  is  not  the  case,  and  the  cells  in  their  atypical  growth 
lose  all  trace  of  their  original  form  and  assume  such  an  altogether 
undifferentiated  shape  and  arrangement  that  the  character  of  the 
normal  epithelium  in  which  the  cancer  cells  originated  cannot  be 
distinguished.  It  will  therefore  be  seen  that  it  is  not  possible  to 
classify  the  carcinomas  according  to  the  varieties  of  the  normal 
epithelia,  for  often  a  histological  examination  of  a  tumour  will  not 


Fig.  127. — Microscopic  section  of  carcinoma  simplex,  from  the  breast. 


suffice  to  indicate  the  variety  of  epithelium  in  which  it  took  its  origin, 
and  the  cell-masses  of  a  carcinoma  arising  in  a  columnar  or  stratified 
epithelium  may  in  the  course  of  their  growth  become  indistinguishable 
from  those  arising  in  the  spheroidal  or  polyhedral  cells  of  a  glandular 
organ.  For  this  reason  it  is  convenient  to  distinguish  the  form  of 
cancer  in  which  the  cells  are  altogether  undifferentiated  as  the  car- 
cinoma simplex,  and  subsequently  to  describe  those  forms  in  which 
the  cells  retain  more  or  less  distinctly  the  characteristic  features  of 
the  specialized  forms  of  epithelium. 

In  carcinoma  simplex  the  cells  are  arranged  in  solid  masses 
(Fig.  127)  ;    they  vary  much  in  form,  and  whilst  in  some  tumours 
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or  parts  of  tumours  they  are  spheroidal,  in  others  they  lose  their 
spheroidal  shape,  chiefly  as  the  result  of  the  pressure  of  adjacent 
cells  one  upon  another,  and  become  altogether  irregular,  flattened, 
or  polyhedral  (Fig.  128).  The  individual  cells  usually  possess  an 
abundant  granular  protoplasm,  and  a  large  round  or  oval  nucleus, 
in  which  considerable  variations  in  the  amount  of  chromatin  will  often 


Fig.  128. — Microscopic  section  of  carcinoma  simplex,  from  the  breast. 

(  High  power.) 

be  noticed.  This  form  of  cancer  includes  that  usually  known  as 
glandular  or  spheroidal-celled  carcinoma,  but  it  is  important  to  remember 
that  every  cancer,  whatever  be  the  nature  of  the  ejyithelium  in  which 
it  originated,  may  tend  to  assume  this  undifferentiated  form. 

In  contradistinction  to  this  simple  undifferentiated  form  of  car- 
cinoma others  must  be  recognized  which  retain,  in  the  shape  or  arrange- 
ment of  the  cancer  cells,  some  more  or  less  striking  feature  of  the 
specialized  epithehum  in  which  the  tumour  cells  originated.  Thus,  in  a 
carcinoma  originating  in  a  stratified  epithelium  the  cells  may  retain  the 
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normal  tendency  to  stratification,  producing  the  very  common  variety 
known  as  squamous-celled  carcinoma  (Fig.  129).  Among  such 
tumours  the  presence  of  prickle  cells,  such  as  are  normally  present  in 
the  Malpighian  layer  or  rete  mucosum  of  the  sldn,  may  sometimes 
be  recognized,  and  in  many  forms  the  cells  tend  to  undergo  keratiniza- 


Fig.  129. — Microscopic  section  of  squamous-celled  carcinoma 

of  skin, 

tion,  or  horny  change.  This  change  occurs  in  the  central  cells  of  the 
epithelium-columns,  which,  being  farthest  removed  from  the  stroma,  _ 
correspond  with  the  most  superficial  layers  of  a  stratified  epithelium. 
As  a  result,  the  well-known  cell-nests  or  epithelial  pearls  are  formed 
in  the  cell-columns.  On  section,  they  present  a  characteristic  con- 
centric striation  due  to  the  presence  of  layers  of  horny  scales  in  the 
centre  (Figs.  129,  130). 
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In  another  very  common  variety  of  carcinoma  the  cancer  cells 
retain  more  or  less  markedly  the  columnar  or  cubical  shape  of  tlie 
epithelial  cells  in  which  the  tumour  arises,  constituting  the  form  known 
as  columnar-celled  carcinoma.  In  this  variety  the  shape  and 
arrangement  of  the  normal  epithelium  may  be  so  completely  reproduced 


Fig.  130. — Microscopic  section  of  squamous-celled  carcinoma 

of  skin. 

that  in  place  of  the  solid  cell-columns  of  the  carcinoma  simplex  the  cell 
elements  are  arranged  in  a  single  layer  of  columnar  or  cubical  cells 
around  a  central  lumen  (Figs.  1-31,  14(3).  Often,  however,  in  this  columnar 
type  of  carcinoma  the  specialized  form  of  the  cells  is  only  imjjerfectly 
preserved,  and  a  tumour  undoubtedly  arising  in  a  columnar  or  cubical 
epithelium  may  assume  the  characters  of  the  simple  undifferentiated 
form  described  above.  It  often  happens,  therefore,  in  the  histological 
examination  of  a  carcinomatous  tumour  presenting  chiefly  the  structure 
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of  a  carcinoma  simplex  that  the  presence  here  and  there  of  some  more 
specialized  cells  gives  a  valuable  clue  to  the  nature  of  the  epithelium 
in  which  it  originated. 

Still  more  specialized  forms  of  carcinoma  are  also  met  with  in 
which  the  normal  characters  of  the  cells,  functional  as  well  as  morpho- 
logical, are  strikingly  preserved.  For  instance,  in  one  form  of  cancer 
of  the  thyroid  the  tumour  cells  closely  resemble  those  of  the  normal 


Fig.  131. — Microscopic  section  of  columnar-celled  carcinoma  of 
sigmoid  colon.  The  distinction  between  the  normal  glands  and 
the  alveoli  of  the  tumour  is  well  marked. 


gland,  secreting  colloid  substance,  and  even  serving  a  useful  purpose  in 
metabolism,  as  shown  by  a  case  of  von  Eiselsberg's,  quoted  by  von 
Bergmann.  In  this  case  the  symptoms  of  post-operative  myxoedema, 
following  the  removal  of  a  cancerous  thyroid,  subsided  as  a  secondary 
tumour  developed  in  the  sternum,  and  the  subsequent  removal  of  the 
secondary  growth  was  followed  by  tetany  and  death.  Further  evidences 
of  the  fact  that  cancer  cells  may  retain  some  degree  of  the  function  of 
their  normal  epithelial  antecedents  is  afforded  by  the  presence  of  mucus- 
containing  goblet  cells  in  columnar-celled  carcinomas,  and  the  demon- 
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stration  of  glycogen  in  the  cells  of  cancer  of  the  liver  and  of  special 
ferments  in  cancers  of  the  stomach  and  pancreas. 

Sufficient  has  been  said  to  show  that  although  all  forms  of  cancer 
tend  more  or  less  to  assume  an  undifferentiated  form  in  which  the 
cells  lose  all  resemblance  to  the  epithelium  in  which  their  growth 
began,  yet  in  many  forms  sufficient  resemblance  to  some  particular 
type  of  cell  is  retained  to  indicate  with  tolerable  certainty  their  place 
of  origin. 

Secondary  changes. — Carcinomas,  more  especially  of  the  soft 
cellular  forms,  are  liable  to  fatty  degeneration  and  necrotic  softening, 
which  may  be  so  slight  as  merely  to  produce  yellow  granular  areas 
in  the  tumour  substance,  or  may  be  so  extensive  as  to  cause  lique- 
faction of  a  considerable  part  of  the  growth.    The  degeneration  of 
the  tumour  substance  may  also  be  occasioned  by  extravasation  of 
blood,  but  on  account  of  the  difference  in  the  vascular  arrangement, 
this  is  less  common  than  in  the  sarcomas.    Occasionally  the  structure 
of  a  carcinoma  is  very  extensively  modified  by  a  jaeculiar  colloid 
degeneration  of  the  cancer  cells.    This  will  most  conveniently  be 
considered  in  connexion  with  carcinomas  of  the  breast  and  alimentary 
canal,  in  which  it  is  most  frequent.    In  carcinomas  of  superficial 
origin,  as  well  as  in  those  which,  commencing  deeply,  have  invaded  a 
cutaneous  or  mucous  surface,  ulceration  is  very  common,  and  the 
ulcer  often  assumes  characters  which  clearly  show  that  it  has  resulted 
fi'om  a  malignant  growth.    The  surface  of  the  ulcer  is  usually  irregular, 
deep  furrows  or  excavations  being  surrounded  by  prominent  firm 
pink  nodular  masses  looking  like  exuberant  granulation  tissue  and 
often  bleeding  readily  when  touched.    The  edges  of  the  ulcer  are 
raised  and  nodular,  and  frequently  everted  or  even  overhanging, 
and  the  margin  of  the  vmdestroyed  skin  or  mucous  membrane  often 
ends  abruptly  at  the  edge  of  the  ulcerated    surface.    The  indurated 
base  of  the  ulcer  is  formed  by  the  deeper  part  of  the  growth  extending 
into  the  subcutaneous  or  submucous  tissue,  and  in  the  case  of  a  small 
superficially  ulcerated  carcinoma,  as,  for  instance,  on  the  lip,  is  a 
feature  of  great  diagnostic  value.    The  discharge  fi'om  an  ulcerated 
carcinoma  usually  consists  of   a  thin  blood-stained  fluid,  often  with 
a  peculiarly  offensive  odour. 

In  many  circumstances,  especially  in  carcinomas  of  the  alimentary 
canal,  secondary  suppuration  takes  place  around  the  ulcerated 
tumour,  and  thus  the  malignant  nature  of  the  disease  may  be  entirely 
masked.  For  instance,  in  carcinoma  of  the  csecum  a  large  ^^erica'cal 
abscess  may  result,  which  may  readily  be  mistaken  for  suppurative 
appendicitis. 

The  macroscopic  appearances  and  clinical  features  of  the  varieties 
of  carcinoma  differ  so  widely  that  it  is  impossible  to  give  any  general 
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description  of  the  disease,  and  the  most  important  examples  will  be 
described  as  they  occur  in  different  situations. 

Extension  of  carcinoma. — The  intimate  relation  existing 
between  the  cells  of  a  carcinoma  and  the  lymphatics  has  already  been 
considered,  and  if  the  spreading  edge  of  such  a  tumour  is  examined, 
it  is  sometimes  possible  to  demonstrate  the  presence  of  the  lymphatic 
endothelium  around  the  epithelial  cell-mass  (Fig.  107) ;  but  this  is  not 
always  so,  and  there  is  no  doubt  that  the  cells  of  the  infiltrating  growth 
can  advance  in  the  tissues  in  an  altogether  irregular  manner.  In 
Fig.  132  some  of  the  groups  of  cancer  cells  are  seen  in  the  substance 
of  the  muscle-fibres.    The  spread  of  the  gTowth  occurs  by  continuous 


Fig.  132. — Microscopic  section  of  muscle,  showing  invasion  by  car- 
cinoma. From  a  carcinoma  of  the  breast  invading  the  pectoralis 
major. 


extension,  and  the  apparently  isolated  cell-areas  seen  in  a  microscopic 
section  are  really  the  cross  sections  of  irregularly  branching  continuous 
columns  or  tubes. 

The  extension  to  the  lym'phatic  glands  occurs  either  by  a  process  of 
embolism  or  by  direct  permeation  of  the  intervening  lymphatic  vessels 
by  the  cancer  cells  (Fig.  133).  In  exceptional  cases  an  indurated  cord, 
caused  by  the  infiltrated  lymphatics,  can  be  traced  continuously  from 
the  primary  tumour  to  the  enlarged  glands.  In  the  latter  the  cancer 
cells  are  arrested  in  the  lymjih  sinuses  of  the  cortex  ;  and  it  is  a  matter 
of  much  practical  importance  that  the  invasion  of  the  glands  does  not 
at  first  cause  a  palpable  enlargement,  even  though  the  glands  are  in 
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a  readily  accessible  position.  The  blocking  of  the  invaded  lymphatic 
vessels  and  glands  tends  to  cause  alterations  in  the  normal  direction 
of  the  lymph-stream,  and  thus  the  cancer  cells  may  be  swept  into 
neighbouring  lymphatic  areas  and  a  process  of  retrograde  mvasion 
occurs. 

A  lymphatic  gland  which  is  the  seat  of  a  secondary  deposit  of 


Fig.  133. — Microscopic  section  of  axillary  lymphatic  gland,  the 
seat  of  a  secondary  deposit  of  carcinoma  simplex.  The 
primary  tumour  w^as  in  the  breast. 


carcinoma  presents  in  tlie  early  stages  small,  firm,  white  nodules  of 
growth,  chiefly  in  tlie  cortex  of  the  pinkish  gland  tissue.  At  a  later 
stage,  the  whole  gland  may  be  greatly  enlarged  and  infiltrated  with 
growth  having  an  appearance  similar  to  that  of  the  primary  tumour. 
Finally,  the  growth  may  undergo  extensive  degeneration,  breaking 
down  into  a  thin  milky  fluid. 
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Clinically,  the  glands,  even  while  still  small  in  size,  are  usually 
characterized  by  their  hardness,  and  as  they  enlarge  they  become 
adherent  to  the  neighbouring  glands  and  to  the  surrounding  structures. 
Thus,  in  the  glandular  deposits  in  the  neck  consequent  upon  carcinoma 
of  the  tongue,  the  overlying  sterno-mastoid  becomes  adherent  to  the 
glands  and  even  invaded  by  the  gTowth,  whilst  the  large  vessels, 
especially  the  internal  jugular  vein,  may  be  so  surrounded  by  the 
glandular  mass  that  removal  of  the  disease  necessitates  removal  of 
part  of  the  vessels  also.  In  advanced  cases  the  glandular  disease 
may  involve  the  sldn,  and  ulceration  occur  with  the  production  of  one 
or  more  openings  through  which  the  broken-down  growth  discharges, 
until,  finally,  a  huge  irregular  cavity  results,  the  profuse  discharge, 
and  often  hsemorrhage,  from  which  hastens  the  fatal  result.  In  con- 
sequence of  the  septic  condition  of  most  carcinomatous  ulcers  of  the 
skin  and  mucous  membranes,  a  glandular  enlargement  in  such  cases 
may  be  the  result  of  a  simple  lymphadenitis,  and  probably  the 
marked  tendency  of  the  secondary  glandular  deposits  in  such  cases 
to  soften  and  break  down  may  be  partly  due  to  the  same  cause. 

The  general  subject  of  the  metastases  of  malignant  growths 
has  already  been  considered,  and  it  is  unnecessary  to  refer  again  to 
the  relative  importance  of  the  share  taken  by  the  lymphatics  and 
blood-vessels  respectively  in  the  spread  of  the  disease  (p.  458).  Little 
is  known  to  explain  the  much  greater  liability  of  some  parts  than  others 
to  be  the  seat  of  metastases,  and  it  is  interesting  to  note  that  those 
parts  which  are  most  liable  to  primary  cancer  are  rarely  the  seat  of 
secondary  growths.  It  is  probable  that  very  sHght  differences  in  the 
capillary  circulation  in  different  organs  and  tissues  may  be  a  not 
unimportant  factor  in  determining  their  liability  to  metastases.  This 
possibility  has  been  considered  by  von  Eecklinghausen  in  connexion 
with  the  widely  distributed  bone  deposits  sometimes  met  with  in  certain 
forms  of  carcinoma,  particularly  of  the  thyroid,  breast  and  prostate. 
He  suggests  that  the  peculiar  conditions  of  the  circulation  in  the  bones 
are  very  favourable  to  the  arrest  of  cancer  cells,  and  points  out  that 
the  flow  in  the  vessels  of  the  medulla  must  at  times  tend  to  stagnate 
on  account  of  the  inability  of  the  vessels  in  the  osseous  tissue  to  undergo 
changes  in  calibre. 

A  study  of  the  different  varieties  of  cancer,  whether  considered 
from  the  point  of  view  of  the  structure  or  the  position  of  the  primary 
growth,  reveals  a  striking  difference  in  their  liability  to  produce 
metastases.  Many  of  the  tumours  having  the  structure  of  carcinoma 
simplex  exhibit  an  almost  invariable  tendency  to  cause  secondary 
deposits  in  the  bones  and  viscera,  especially  the  liver  and  lungs.  The 
squamous-celled  and  columnar-celled  varieties,  on  the  other  hand, 
frequently  prove  fatal  without  any  evidence  of  visceral  or  osseous 
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deposits.  For  instance,  a  squamous-celled  carcinoma  of  the  tongue 
shows  its  malignancy  by  the  progressive  extension  of  the  primary 
growth  and  an  almost  constant  invasion  of  the  lymphatic  glands, 
whilst  secondary  deposits  elsewhere  are  extremely  rare.  So,  also, 
in  carcinoma  of  the  intestinal  tract,  often  of  the  columnar-celled  variety, 
metastases  are  very  uncommon,  with  this  notable  exception,  that  the 
liver  is  often  invaded  by  way  of  the  portal  circulation,  and  is  the 
seat  of  multiple  deposits.  As  an  instance  of  the  very  rare  occurrence 
of  bone  metastases  of  columnar  carcinoma,  Bernard  Pitts  has  recorded 
the  case  of  a  woman  with  carcinoma  of  the  rectum  upon  whom  colotomy 
had  been  performed  ;  spontaneous  fracture  of  the  humerus  occurred, 
and  on  account  of  the  excessive  pain  and  the  absence  of  imion  the 
limb  was  amputated.  The  fracture  had  resulted  from  a  deposit  of 
typical  columnar-celled  carcinoma  in  the  bone.  In  a  case  recently  in 
University  College  Hospital,  under  the  care  of  Risien  Riissell,  an  unsus- 
jjected  carcinoma  in  the  upper  part  of  the  rectum  of  a  man  aged  32 
caused  metastases  in  the  lumbar  vertebra>,  resulting  in  compression 
paraplegia,  and  also  a  deposit  in  the  manubrium  sterni. 

We  know  of  no  explanation  of  the  great  variations  in  the  tendency 
to  produce  metastases  exhibited  by  the  different  forms  of  carcinoma. 
Although  some  of  the  most  striking  instances  of  widely  distributed 
metastases  are  found  in  carcinoma  simjDlex,  and  some  of  the  more  dif- 
ferentiated forms  exhibit  the  tendency  in  a  much  less  marked  degree, 
exceptions  are  not  uncommon.  Thus,  the  peculiarly  specialized  form 
of  carcinoma  sometimes  occurring  in  the  thyroid  gland  is  particularly 
Uable  to  cause  metastases,  whilst  in  rodent  ulcer,  a  carcinoma  of  a  very 
undifferentiated  type,  the  absence  of  secondary  deposits  is  an  almost 
constant  feature. 

In  their  structure  the  metastases  of  carcinoma  reproduce  in  a  very 
striking  way  that  of  the  primary  tumour  in  the  character  of  the 
epithelial  elements,  and  often  any  special  degeneration,  such  as  colloid, 
to  which  they  may  be  liable.  In  view,  however,  of  the  fact  that  the 
stroma  is  not  an  essential  part  of  the  growth,  but  merely  the  result 
of  a  secondary  reaction  of  the  tissues,  it  is  not  surprising  that  the 
stroma  of  a  secondary  deposit  may  differ  widely,  both  in  character 
and  amount,  from  that  of  the  primary  tumour.  Thus,  a  small,  hard 
cancer  of  the  breast,  in  which  the  epithelial  elements  are  very  scanty, 
may  produce  large,  soft  metastatic  deposits  agreeing  with  the  primary 
gTowth  only  in  the  character  of  the  cells. 

Secondary  deposits  of  cancer  in  the  bones  are  almost  invariably 
central  in  origin  and,  especially  when  afEecting  the  shaft  of  a  long 
bone,  are  very  liable  to  occasion  spontaneous  fracture  even  before 
any  enlargement  of  the  bone  can  be  detected.  The  jjresence  of  a 
fixed,  dull  aching  pain  in  one  of  the  bones  of  a  patient  suffering  from 
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carcinoma  should  always  be  viewed  with  suspicion.  In  rare  cases 
the  secondary  invasion  of  the  bones,  instead  of  taking  the  form  of 
localized  deposits,  occurs  diffusely,  and  causes  softening  of  the  bones, 
resulting  in  deformity  rather  than  actual  fracture. 

The  subject  of  the  metastases  of  carcinoma  presents  itself  to  the 
surgeon  in  two  practical  aspects.  First,  before  deciding  that  a  case 
of  carcinoma  is  favourable  for  operation  he  must  satisfy  himself  that 
no  subjective  or  objective  signs  of  metastases  are  present.  Secondly, 
he  must  avoid  the  serious  error  of  mistaking  a  secondary  carcinoma 
for  a  primary  tumour.    This  mistake  is  especially  liable  to  be  made 


Fig.  134. — Microscopic  section  of  secondary  deposit  of  carcinoma  in 
head  of  humerus.    The  primary  growth  was  in  the  cervix  uteri. 


in  the  case  of  bone  metastases,  and  there  can  be  no  doubt  that  many 
limbs  have  been  amputated  for  tumours  supposed  to  be  primary 
sarcomas,  but  which  were  carcinomas  secondary  to  some  unsuspected 
primary  tumour  perhaps  altogether  unproductive  of  symptoms.  A 
woman  aged  52  was  admitted  some  years  ago  into  University  College 
Hospital  for  a  swelling  in  the  region  of  the  right  shoulder,  which  proved 
on  examination  to  be  a  tumour  of  the  humerus.  It  was  regarded 
as  a  sarcoma,  and  amputation  was  performed  at  the  shoulder-joint. 
Subsequent  microscopic  examination  showed  that  the  tumour  was  a 
carcinoma  (Fig.  134),  and  the  patient  was  discovered  to  have  an 
extensive  cancer  of  the  uterus. 
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Of  especial  interest  in  this  connexion  are  certain  cases  of  malignant 
hypernephroma  recorded  by  Albrecht  and  others,  in  which  a  single 
bone  deposit  was  the  only  metastasis.  In  a  case  of  this  nature  recorded 
by  Scudder  of  the  Massachusetts  General  Hospital,  a  supposed  sarcoma 
of  the  upper  end  of  the  humerus  proved,  after  amputation  at  the 
shoulder-joint,  to  have  the  histological  structure  of  an  adrenal  tumour. 
Attention  was  thus  drawn  to  an  indefinite  tumour  of  the  left  renal 
region,  which  proved  to  be  a  hyjjernephroma.  At  the  patient's  death, 
nearly  five  years  later,  no  other  evidence  of  metastasis  was  discovered. 
In  a  similar  case  recorded  by  Pool,  a  pulsating  tumour  of  the  upper 
extremity  of  the  fibula,  also  regarded  before  operation  as  a  sarcoma, 
proved  to  be  a  secondary  liypernephroma,  and  the  patient,  a  man 
aged  57,  subsequently  showed  signs  of  a  rapidly  growing  tumour  in 
the  position  of  the  right  kidney.  A  consideration  of  such  cases  serves 
to  emphasize  the  fact  that  in  every  case  regarded  as  a  primary  sarcoma 
of  bone,  especially  when  occurring  in  a  middle-aged  or  elderly  subject, 
the  surgeon  must  carefully  consider  the  possibility  that  the  tumour 
is  secondarj',  and  search  for  any  evidence  of  a  primary  growth. 

Situation. — From  what  has  been  said,  it  is  evident  that  a 
carcinoma  may  develop  in  any  situation  in  which  epithelium  is  present. 
A  short  description  will  now  be  given  of  the  most  important  characters 
of  the  disease  in  the  difi^erent  regions  and  organs. 

Carcinoma  of  the  skin  usually  assumes  the  histological 
structure  of  the  squamous-celled  form  (Figs.  129,  130),  but  different 
tumours  vary  in  the  extent  to  which  the  epithelial  cells  undergo 
keratinization,  and  in  some  tumours  this  change  is  so  little  marked 
that  the  structure  approximates  to  that  of  the  carcinoma  simplex. 
The  special  form  of  cancer  of  the  skin  known  as  rodent  ulcer  will  be 
separately  described. 

Carcinoma  of  the  skin  affords  some  of  the  most  striking  examples 
of  the  relation  of  the  disease  to  various  forms  of  chronic  irritation, 
ulceration  and  scarring,  and,  indeed,  it  is  very  rare  for  a  cancer  of  the 
skin  to  arise  independently  of  some  pre-existing  pathological  condition. 
For  this  reason  it  is  difficult  to  describe  the  earliest  appearance  of  the 
tumour,  which  often  begins  as  an  apparently  insignificant  cliange  in 
the  characters  of  some  simple  ulcer  or  cicatrix.  Two  chief  varieties 
may,  however,  be  recognized — the  warty  form  and  the  ulcerating 
form.  In  the  warty  form  the  surface  of  the  growth  presents  a  coarse, 
irregularly  papillary  appearance,  wliich  may  closely  resemble  that  of 
a  simple  papilloma,  from  whicli.  however,  it  can  usually  be  distinguished 
by  the  greater  irregularity  of  the  surface,  and  especially  by  the  liard 
base  upon  which  the  papillary  surface  rests.  The  ulcerating  form 
may,  in  its  early  stage,  present  no  characteristic  feature,  but  the 
indurated  base  is  often  noticeable,  and  as  the  ulcer  extends  it  assumes 
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the  typical  characters  of  the  carcinomatous  ulcer  already  described 
(p.  519). 

A  section  through  a  squanious-celled  carcinoma  usually  presents 
an  opaque  white  colour  and  a  coarsely  granular  surface,  and  to  the 
naked  eye  its  outline  is  sharply  defined,  and  the  contrast  between  the 
nearly  white  tumour  and  the  surrounding  tissues  is  often  very  striking. 
In  all  forms  of  carcinoma  of  the  skin,  except  rodent  ulcer,  invasion  of 
the  lymphatic  glands  usually  occurs  early,  but  apart  from  this  the 
glands  are  often  enlarged  as  the  result  of  lymphadenitis  due  to  infec- 
tion from  an  ulcerated  growth. 

Some  of  the  most  extensive  cases  of  cutaneous  carcinoma  are  those 
in  which  the  disease  commences  in  burn  scars  on  the  limbs.  In 
such  cases  the  new  growth  usually  begins  at  the  margin  of  the  scar, 
and  often  quickly  involves  a  considerable  area,  assuming  usually  the 
warty  rather  than  the  ulcerating  form.  An  interesting  example  of 
this  form  of  the  disease  is  the  kangri  cancer  met  with  in  Kashmir, 
caused  by  the  basket  of  burning  charcoal  which  the  inhabitants  of 
the  cold  hilly  districts  carry  beneath  their  clothing.  Neve,  of  the 
Kashmir  Mission  Hospital,  found  that  among  1,189  squamous  car- 
cinomas removed  during  a  period  of  twenty-five  years,  no  less  than 
848  were  examples  of  kangri  cancer.  The  tumours  usually  occur 
on  those  parts,  the  abdominal  wall  and  inner  aspects  of  the  thighs, 
with  which  the  kangri  comes  into  contact,  and  the  skin  in  which  the 
disease  arises  usually  shows  marked  evidences  of  the  prolonged  effects 
of  heat  in  the  presence  of  pigmentation,  scarring,  warty  formations, 
or  chronic  eczema. 

The  most  striking  examples  of  the  origin  of  cutaneous  carcinoma 
in  an  ulcer  are  those  in  which  it  supervenes  upon  a  chronic  ulcer 
of  the  lower  part  of  the  leg.  Here,  as  in  scars,  the  edge  of  the  ulcer 
is  usually  the  starting-point  of  the  growth,  and  in  some  cases  the  change 
may  be  so  gradual  that  the  patient  may  disregard  it  until  the  disease 
has  extended  deeply  enough  into  the  limb  to  occasion  spontaneous 
fracture.  In  two  instances  of  this  kind  which  have  come  under  our 
notice,  the  growth  supervened  upon  an  ulcer  of  the  leg  of  thirty  years' 
duration. 

A  carcinoma  of  the  skin  has  occasionally  been  known  to  develop 
at  the  orifice  of  a  sinus,  such  as  may  be  due  to  chronic  bone  disease. 
In  a  specimen  in  the  Museum  of  University  College  Hospital,  an 
irregularly  papillary  carcinoma  of  the  skin  surrounds  a  sinus  leading 
into  an  abscess  cavity  in  the  upper  extremity  of  the  tibia.  There 
is  no  history  to  the  specimen,  but  the  discovery  of  a  small  fragment 
of  lead  in  the  wall  of  the  cavity  in  the  tibia  suggests  that  the  disease 
of  the  bone  resulted  from  a  bullet  wound,  and  that  the  carcinoma 
arose  at  the  orifice  of  a  sinus  which  opened  in  the  skin. 
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From  the  prolonged  medicinal  use  of  arsenic,  usually  in  the  treat- 
ment of  psoriasis,  the  skin,  especially  of  the  palms  and  soles,  may  become 
dry,  harsh,  and  so  thickened  as  to  produce  a  well-marked  condition 
of  keratosis,  in  which  corn-like  tliickenings  also  occur.  Hutchinson, 
wlio  has  drawn  special  attention  to  this  subject,  has  collected  a 
considerable  number  of  cases  in  which  carcinoma  has  supervened 
upon  this  condition,  the  malignant 
growth  presenting  itself  as  an 
intractable  ulcer,  beginning  in  a 
fissure  or  corn,  usually  on  the 
hand  or  foot  (Fig.  135).  In  one 
recorded  case,  a  woman  of  25, 
who  since  the  age  of  5  had  fre- 
quently taken  arsenic  for  pem- 
phigus, and  in  whom  the  skin  of 
the  hands  and  fingers  was  very 
rough,  developed  a  large  ulcer, 
almost  certainly  malignant,  be- 
hind the  crest  of  tlie  ilium, 
followed  by  a  glandular  swelling 
in  the  groin  which  ulcerated. 
This  case  is  of  special  interest 
on  account  of  the  extreme  rarity 
of  carcinoma  of  the  skin  of  the 
trunk. 

Among  55  cases  of  squamous 
carcinoma  of  the  skin  of  the 
hand,  collected  by  Lenthal 
Cheatle,  in  53  the  disease  oc- 
curred on  the  dorsum,  and  the 
most  common  site  was  found  to 
be  the  skin  covering  the  radial 
side  of  the  second  metacarpal 
bone.  Two  interesting  observa- 
tions have  been  made  by  Cheatle 
in  connexion  with  this  fact. 
First,  in  this  position  Head  ob- 
served the  formation  of  a  trophic  ulcer  in  an  area  rendered  ana:'S- 
thetic  by  division  of  certain  sensory  nerves,  thus  suggesting  that 
this  region  is  especially  exposed  to  external  irritation.  Secondly, 
the  atropine  changes  sometimes  met  with  in  the  skin  in  old  age, 
in  which  it  becomes  shiny,  smooth,  inelastic,  and  pigmented,  are 
especially  marked  in  this  situation. 

A  strilcing  instance  of  the  relation  of  chronic  irritation  to  tlie 


Fig.  135.  —  Carcinoma  of  palm 
supervening  upon  dermatitis  re- 
sulting from  prolonged  adminis- 
tration of  arsenic, 

{J'rom  the  Ni-w  Sydcnhafu  Society's  Atlas  of 
ralhotogy.) 
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development  of  cutaneous  cancer  is  afforded  by  tlie  occurrence  of  the 
disease  in  workers  with  pitch,  tar,  and  paraffin.  Legge,  who  has 
carefully  investigated  the  subject,  points  out  that  in  workers  with 
anthracene  and  grease  the  arms  and  hands  are  chiefly  affected,  whilst 
in  patent  fuel  briquette  makers  the  scrotum  is  the  most  common 
seat  of  the  disease.  The  changes  which  occur  in  the  skin,  and  are 
liable  to  develop  into  carcinoma,  are  similar  to  those  met  with  in 
chimney-sweep's  cancer  of  the  scrotum  (p.  56()).  In  a  case  which 
came  under  our  notice  the  growth  occurred  on  the  dorsum  of  the  hand 
of  a  labourer  engaged  in  laying  railway  sleepers  treated  with  tar. 

Mechanical  irritation  as  a  cause  of  carcinoma  of  the  skin  cannot 
be  illustrated  better  than  by  the  "  horn-core  "  of  draught  cattle  in 
India,  which  is  a  carcinoma  developing  at  the  root  of  the  right  horn, 
by  which  the  animal  is  attached  to  a  waggon  or  agricultural  implement. 

At  the  present  day  the  occurrence  of  carcinoma  as  a  sequela  of  the 
dermatitis  resulting  from  repeated  exposure  to  X-rays  is  of  especial 
interest,  and  a  striking  example  of  a  chronic  inflammatory  lesion 
passing  imperceptibly  into  malignant  disease.  Rowntree,  who  has 
made  a  study  of  this  subject,  found  that,  up  to  1909,  11  cases  of 
X-ray  carcinoma  had  been  recorded.  In  .5  of  these  11  cases  the 
growths,  which  appear  as  typical  carcinomatous  ulcers,  were  mul- 
tiple, occurring  on  different  fingers  or  on  both  hands,  and  in  one 
case  on  both  hands  and  on  the  chin.  In  the  occurrence  of  pigmenta- 
tion and  warty  growths,  the  dermatitis  produced  by  X-rays  closely 
resembles  xerodermia  pigmentosum,  a  disease  in  which  squamous 
carcinoma  also  occasionally  supervenes.  By  exposing  the  tails  of  rats 
to  the  prolonged  action  of  X-rays,  Rowntree  was  able  to  study  the 
changes  occurring  in  the  skin.  He  found  that  in  the  most  exposed 
parts  the  changes  were  of  an  atrophic  nature,  both  as  concerned  the 
epidermis  and  the  epidermal  appendages  of  the  corium.  In  parts 
less  directly  exposed,  the  changes  in  the  epidermis  and  its  appendages 
were  of  a  hypertrophic  nature.  The  contrast  between  these  two  results 
was  very  striking  in  the  rabbit's  ear,  the  atrophic  changes  being  seen 
in  the  exposed  surface,  and  the  hypertrophic  changes  being  produced 
by  penetration  of  the  rays  to  the  opposite  surface.  It  is  apparently 
by  the  stimulating  effects  caused  by  moderate  degrees  of  exposure 
for  long  periods  that  X-rays  produce  warty  epithelial  overgrowths,  and 
in  some  instances  actual  carcinoma.  It  is  a  fact  of  the  greatest  interest 
and  practical  importance  that  the  rays  can  in  certain  circumstances 
cause  the  development  of  mahgnant  growths  similar  to  those  which  in 
other  circumstances  they  retard  or  even  destroy. 

Carcinoma  of  the  scalp  sometimes  arises  in  a  sebaceous  cyst, 
and  may  begin  as  a  papillary  growth  into  its  interior,  only  at  a  later 
stage  extending  beyond  the  cyst-wall  and  involving  the  skin.  The 
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tumour  may  then  form  a  very  prominent  vascular  mass  which  may 
be  closely  imitated  by  the  simple  ulceration  of  a  sebaceous  cyst 
with  the  formation  of  exuberant  granulation  tissue  from  its  exposed 
interior  (]).  .I'.L'). 

Carcinoma  of  the  face  and  neck  is  not  uncommon  (Fig.  130), 
but  varies  much  in  its  clinical  aspects,  being  in  some  instances  of  slow 
growtli  and  difficult  to  distinguisli  from  a  rodent  ulcer.  On  the  face,  as 


Fig.  130. — Ulcerated  carcinoma  of  cheek. 

{J'>'0IU  a  f>atunt  jnitA-r  tJtc  care  OJ  A.   E,  Barker.) 


elsewhere,  the  growth  may  originate  in  an  ulcer  or  scar,  and  is 
occasionally  seen  as  a  sequela  of  tuberculous  lupus,  beginning  most 
commonly  in  the  scar  left  by  the  disease,  but  sometimes  arising  from 
a  patch  which  is  still  ulcerated. 

Hutchinson  has  called  attention  to  a  form  of  carcinoma  of  the  skin 
of  the  face  to  which  he  has  applied  the  name  "  craterijorm  ulcer."  The 
growth  usually  begins  as  a  painless  papule  which,  after  reaching  a 
certain  size,  breaks  down  into  a  large  central  cavity.  Tlie  tumour  is 
usually  of  rapid  growth,  but  apparently  sliows  little  tendency  to  atiect 
2  I 
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the  lymphatic  glands,  or  to  recur  after  removal.  It  has  been  suggested 
that  it  may  arise  in  the  sebaceous  glands. 

In  the  neck  it  occasionally  happens  that  a  hard,  deeply  seated 
tumour,  clearly  not  originating  in  the  skin,  proves  to  present  the 
structure  of  a  squamous  carcinoma.  In  such  cases  it  is  most  probable 
that  a  small  primary  growth  in  some  part  of  the  mucous  membrane 
of  the  throat  or  elsewhere  has  escaped  detection,  and  that  the  tumour 
of  the  neck  is  a  secondary  glandular  deposit.  We  have  met  with 
two  cases  of  this  nature  in  which  it  appeared  probable  that  a  secondary 
carcinoma  in  the  lymphatic  glands  of  the  neck  had  resulted  from  a 
primary  growth  on  the  lip  that  had  healed  spontaneously.    In  one  of 


Fig.  137. — Microscopic  section  of  rodent  carcinoma. 


these  cases,  that  of  a  man  under  the  care  of  Christopher  Heath,  the 
tumour,  wliich  formed  a  hard  mass  below  the  jaw,  proved  after  excision 
to  be  a  squamous  carcinoma,  and  there  was  a  history  of  a  small  ulcer 
on  the  lip  which  had  healed  after  cauterization,  leaving  a  small  scar. 
In  the  other  case,  a  small  sore  on  the  lip  which  healed  spontaneously 
was  followed  by  the  growth  of  a  large  tumour  on  the  same  side  of  the 
neck,  which  soon  ulcerated  and  proved  fatal. 

Mention  must  also  be  made  of  cases  in  which  a  deeply  seated  cystic 
tumour  of  the  neck  presents,  in  the  solid  tissue  composing  its  wall  the 
structure  of  a  carcinoma,  usually  of  the  squamous-celled  type.  Since 
Volkmann  first  called  attention  to  such  tumours  in  1882,  numerous 
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cases  have  been  recorded.  The  tumours  are  usually  situated  at  the 
side  of  the  neck,  beneath  the  sterno-mastoid,  and  intimately  connected 
with  the  large  vessels  ;  the  cysts  may  have  a  rugose  or  even  papillary 
inner  surface,  and  present  the  characters  of  a  tumour  developing  in 
a  cyst  rather  than  of  a  cystic  change  in  an  originally  solid  tumour. 
It  thus  seems  very  probable  that  this  form  of  deeply  seated  cystic 
carcinoma  arises,  as  suggested  hy  Volkmann,  in  remnants  of  a  branchial 
cleft  (branchiogenctic  carcinoma). 

Rodent  carcinoma  is  a  striking  instance  of  a  tumour  which, 
although  undoubtedly  a  malignant  growth,  manifests  its  malignancy  only 
l,>y  its  slowly  progressive  destruction  of  the  surrounding  tissues,  and  in  its 


Fig.  138. — Microscopic  section  of  rodent  carcinoma,  more  highly 
magnified  to  show  the  characters  of  the  epitheUal  cells. 


most  typical  form  presents  the  features  of  an  ulcer  without  any  definite 
clinical  evidence  of  the  new  growth  which  the  microscope  reveals  in  its 
base  and  edges.  The  histological  structure  of  the  tumour  is  best  studied 
in  sections  of  the  small,  hard  papule  which  usually  represents  the 
earliest  stage  of  the  disease.  If  such  a  section  be  examined  micro- 
scopically a  very  well-marked  epithelial  new  growth  is  found  beneath 
the  epidermal  layer  of  the  slcin,  which,  although  much  thinned,  is 
continuous  over  the  new  growth  (Fig.  137).  The  growth  consists  of 
large  and  often  very  irregular  masses  of  epithelial  cells,  those  lying 
next  tlie  stroma  forming  a  single  layer  of  columnar  cells,  while  the 
remaining  cells  are  small  and  elongated  or  irregular  in  shape  (Fig.  138). 
The  cells  sliow  no  tendency  to  undergo  the  horny  change  met  with 
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so  commonly  in  squamous-celled  carcinomas,  and  thus  cell-nests  are 
not  present,  and,  further,  the  cells  are  smaller  and  more  irregular 
in  shape.  In  the  larger  cell-masses  the  central  cells  may  undergo  a 
granular  degeneration,  and  small  cystic  spaces  occasionally  result. 
The  stroma  usually  consists  of  a  richly  cellular  fibrous  tissue.  The 
structure  characteristic  of  rodent  ulcer  is  found  not  only  in  the  early 
papular  stage,  but  also  in  the  basaand  edges  of  the  later  ulcerated  stage. 
The  origin  of  the  growth  has  been  the  occasion  of  much  discussion, 
some  pathologists  believing  that  it  arises  in  the  skin  itself,  and  others 
regarding  it  as  a  carcinoma  of  one  or  another  of  the  appendages — hair- 
follicles,  sebaceous  glands,  or  sweat-glands.  On  the  whole,  the  view 
most  generally  accepted  is  that  the  growth  usually  arises  in  the  basal 
layers  of  the  epidermis  or  hair- follicles  (basal-celled  carcinoma),  but 
that  it  may  also  originate  in  the  other  appendages. 

The  small,  firm,  red  pimple  in  which  the  disease  usually  starts, 
often  after  remaining  unchanged  for  long  periods  or  only  slightly 
enlarging,  becomes  later  covered  with  a  small  crust,  on  removing 
which  the  papule  is  found  to  be  superficially  ulcerated,  and  gradually 
the  papule  is  replaced  by  an  ulcer,  which  very  slowly  extends, 
chiefly  in  area.  Such  a  rodent  ulcer  presents  a  pinkish  granular 
or  furrowed  surface,  often  covered  by  crusts,  and  the  edges  may  be 
almost  clean  cut,  but  more  often  are  rolled  or  slightly  beaded.  The 
base  and  edges  are  often  distinctly  indurated,  and  sooner  or  later  the 
ulcer  becomes  adherent  to  the  deeper  tissues.  As  the  ulcer  slowly 
and  painlessly  increases  in  area,  it  also  usually  increases  in  depth,  and 
when  occurring  in  its  favourite  positions  on  the  face  or  anterior  part 
of  the  scalp,  it  may  open  up  the  nasal  cavity,  invade  the  orbit,  or  by 
destroying  the  underlying  skull  expose  the  dura  mater.  It  is  not 
uncommon  to  notice  some  temporary  attempt  at  healing  at  part  of 
the  edge  of  the  ulcer,  but  it  is  rarely  that  this  proceeds  far  enough 
to  cause  any  cicatricial  shrinking,  and  thus,  should  part  of  one 
of  the  eyelids  be  destroyed,  the  remaining  portion  shows  little  or 
no  displacement  or  interference  with  its  movements.  Rodent  ulcer 
usually  occurs  on  the  upper  part  of  the  face,  especially  in  the  neigh- 
bourhood of  the  inner  canthus,  or  on  the  frontal  and  temporal  regions 
of  the  scalp.    In  other  situations  it  is  very  rare. 

It  is  a  striking  feature  of  the  disease  that  it  may  progressively 
extend  dm'ing  many  years  and  produce  great  loss  of  substance  without 
any  appreciable  effect  on  the  general  health,  and  without  causing 
secondary  glandular  deposits  or  metastases.  In  its  ulcerated  form 
rodent  carcinoma  is  rarely  met  with  before  middle  age,  but  often  in 
such  cases  a  pimple  has  been  present  for  many  years.  It  is  more 
common  in  men  than  in  women.  Sequeira  has  recorded  the  case  of 
a  girl  in  whom  a  pimple  on  the  lower  eyelid,  first  noticed  in  the  sixteenth 
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year,  developed  into  a  rodent  ulcer,  and  another  in  which  it  began 
at  the  age  of  11.  In  the  former  case  the  patient  lived  with  an  uncle 
who  had  a  large  rodent  ulcer  on  the  forehead. 

Rodent  ulcer  is  occasionally  multiple,  but  it  is  very  rarely  that  the 
growths  exceed  three  or  four  in  number.  Adamson  has,  however, 
recorded  two  cases  in  which  the  separate  lesions,  some  nodular  and 
others  ulcerated,  numbered  respectively  twenty  or  more  and  thirteen. 

The  diagnosis  of  rodent  ulcer  from  syphilitic  and  tuberculous  ulcers 
is  rarely  difHcult,  and  from  an  ordinary  squamous-celled  carcinoma  the 


Fig.  139. — Microscopic  section  of  small  non-ulcerated  tumour  of 
skin,  having  the  histological  structure  of  rodent  carcinoma. 
(The  tumour  was  removed  by  Lord  Lister  from  the  buttock.) 

diagnosis  is  based  not  only  on  the  striking  absence  of  definite  tumour 
masses,  but  also  on  the  prolonged  course  of  the  disease  and  the  absence 
of  glandular  invasion.  Occasionally,  however,  the  histological  structure 
usually  associated  with  a  rodent  ulcer  is  found  in  a  tumour  presenting 
clinical  features  much  more  like  those  of  the  common  f ungating  form 
of  cutaneous  carcinoma,  and  cases  also  occur  in  which  the  tumour, 
instead  of  appearing  as  a  depressed  ulcer,  takes  the  form  of  a  slightly 
raised  plaque,  not  necessarily  ulcerated  on  the  surface  (Fig.  139). 
Until  recently,  the  surgical  treatment  of  rodent  ulcer  was  limited 
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to  excision,  but  in  view  of  the  superficial  nature  of  the  disease  and 
the  entirely  local  character  of  its  malignancy,  it  is  not  surprising 
that  it  was  early  selected  for  a  trial  of  the  X-ray  treatment.  The 
results,  both  with  X-rays  and  with  radium,  and  especially  the  latter, 
have  been  very  encouraging,  and  very  striking  results  have  been 
obtained  also  with  zinc  ions,  as  first  successfully  practised  by  Leduc 
in  1903.  The  method  of  treatment  by  ionization  depends  on  the 
fact  that  the  electrically  charged  atoms  or  molecules  of  a  chemical 
substance  are  carried  actually  into  the  substance  of  the  cells  in 
a  way  quite  different  from  that  resulting  from  the  simple  injection 
of  a  solution.  The  method  of  applying  the  treatment  to  a  small 
rodent  ulcer  is  thus  described  by  Lewis  Jones,  who  has  had  wide 
experience  of  it :  "  The  surface  is  covered  by  three  or  four  layers 
of  lint  wet  with  a  2  per  cent,  solution  of  the  sulphate  or  chloride  of 
zinc  ;  a  zinc  electrode  of  suitable  size  is  applied  and  connected  to  the 
positive  pole  of  an  ordinary  medical  continuous  current  battery,  the 
circuit  is  completed  through  a  second  indifferent  pad  electrode,  and 
the  current  turned  on  to  5  ma.  to  10  ma.,  and  kept  on  for  fifteen  minutes. 
The  magnitude  of  the  current  must  be  proportional  to  the  size  of  the 
area.  Leduc  has  suggested  3  ma.  for  each  square  centimetre."  If 
it  is  thought  advisable,  the  pain  may  be  lessened  by  first  moistening 
the  positive  pad  with  cocaine  hydrochlorate. 

Carcinoma  of  the  lips  is  common  in  the  lower  but  rare  in 
the  upper  lip.  Thus,  of  211  cases  collected  by  Rowntree,  in  only 
6  was  the  upper  lip  the  starting-point  of  the  disease.  Cancer  of  the 
lips  is  much  more  common  in  men  than  in  women,  and  in  a  large  pro  - 
portion of  cases  results  from  the  irritation  of  the  stem  of  a  tobacco 
pipe,  especially  the  rough,  hot,  short  stem  of  the  labourer's  clay-pipe, 
and  the  name  "country-man's  lip"  has  been  applied  to  it  (Fig.  110). 
The  average  age  at  which  the  disease  begins  is  55  years.  It  usuallj'  com- 
mences on  the  edge  of  the  lower  lip,  about  midway  between  the  middle 
line  and  the  angle  of  the  mouth,  as  a  small,  warty  growth,  fissure,  or 
ulcer.  Beneath  the  surface  a  definite  button-like  induration  can  be 
felt  even  in  the  early  stages.  As  the  disease  advances,  an  irregular 
ulcer  having  the  characters  already  described  in  squamous  carcinoma 
of  other  parts  of  the  skin  results.  The  lymphatic  glands  first  invaded 
are  those  of  the  submental  or  submaxillary  groups. 

Carcinoma  beginning  in  the  upper  lip,  especially  if  near  the 
middle  line,  tends  to  spread  to  the  alveolar  border  and  to  the 
columella,  but  laterally  shows  sometimes  a  tendency  to  be  limited 
by  a  line  a  short  distance  from  the  angle  of  the  mouth.  The  glands 
chiefly  affected  are  the  submaxillary,  the  maxillary  which  lie  on  the 
surface  of  the  lower  jaw  at  the  anterior  border  of  the  masseter,  and 
sometimes  the  buccinator  group  which  lie  in  the  substance  of  the  cheek. 
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It  is  doubtful  whether  the  removal  of  a  small  carcinoma  of  the 
lower  lip  by  the  usual  V-shaped  incision  is  an  altogether  satisfactory 
method,  and  it  is  probably  better  to  adopt  tlie  metliod  advised  by 
Cheatle,  in  which  the  incisions,  starting  from  the  margin  of  the  lip, 
diverge  at  first  and  then  converge  to  meet  below  the  lower  border  of 


Fig.  140. — Carcinoma  of  lower  lip. 


the  jaw.  In  more  extensive  cases  a  plastic  operation  is  necessary 
to  repair  the  lip.  In  all  cases  the  corresponding  glands,  whether 
palpably  enlarged  or  not,  should  be  removed,  and  if  the  disease  is 
near  tlie  middle  line  of  the  lip  tliis  sliould  be  done  on  both  sides. 

Carcinoma  of  the  tongue  is  unfortunately  of  very  common 
occurrence,  and  will  be  discussed  fully  in  another  part  of  this  work, 
so  that  only  certain  points  bearing  on  the  general  features  of  the  disease 
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need  consideration  liere.  The  growth  may  arise  at  any  part  of  the 
surface  of  the  tongue,  but  the  favourite  site  is  the  lateral  border  at  or 
about  its  middle.  The  tumour  almost  always  has  the  structure  of  a 
squamous-celled  carcinoma,  and,  as  in  other  situations,  may  assume 
a  warty  or  an  ulcerating  form,  whilst  in  the  large  majority  of  cases 
some  definite  precancerous  condition  can  be  recognized.  In  many 
instances  the  disease  arises  at  a  spot  where  the  tongue  has  been  per- 
sistently irritated  by  a  carious  tooth,  and  it  is  extremely  important 
to  recognize  that  a  small  ulcer  on  the  border  of  the  tongue  which  proves 
intractable  and  refuses  to  heal  after  the  removal  of  any  irritation 
caused  by  the  teeth  should  be  regarded  with  grave  suspicion  and 
excised.  In  other  cases  the  growth  originates  in  the  spot  at  which 
the  stem  of  a  tobacco  pipe  habitually  comes  in  contact  with  the  tongue, 
and  causes  a  local  change  in  the  mucous  membrane  similar  to  the 
changes  met  with  more  diffusely  in  chronic  superficial  glossitis. 


Fig.  141. — Carcinoma  of  tongue,  developing  in  a  warty  patch 
caused  by  chronic  superficial  glossitis. 

{Unive?-sity  College  Hos/y'ital  Aluscuui.) 

In  the  most  marked  cases  of  the  latter  af?ection,  syphilis  is  the 
causal  agent,  but  in  some  instances  there  is  no  evidence  of  a  syphilitic 
taint,  and  the  changes  in  the  mucous  membrane  are  associated  with 
alcoholic  excess  and  chronic  dyspepsia.  The  most  common  mani- 
festation of  chronic  superficial  glossitis  is  the  presence  of  smooth, 
white  or  bluish- white  patches  (leucoplakia)  in  which  the  papillse  are 
more  or  less  completely  absent.  In  association  with  this  condition 
fissures  and  superficial  ulcers  are  common,  and  another  not  uncommon 
result  of  the  chronic  inflammation  is  the  formation  of  a  slightly  raised 
warty  patch  in  which  the  papillse,  instead  of  shrinking,  remain  per- 
manently hypertrophied.  The  important  part  played  by  this  affection 
of  the  tongue  as  a  precursor  of  cancer  was  first  pointed  out  by  Hulke 
in  1864.  The  malignant  growth  may  originate  in  any  of  the  mani- 
festations of  the  superficial  inflammation,  but  especially  in  a  fissure, 
ulcer,  or  warty  patch  (Fig.  141). 

It  will  thus  be  seen  that  carcinoma  of  the  tongue  rarely  manifests 
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itself  as  a  distinct  growth  on  the  previously  healthy  mucous  membrane, 
but  usually  appears  as  a  modification  of  a  previously  existing  chronic 
inflammatory  lesion.  Butlin,  whose  experience  of  the  disease  is  un- 
rivalled, has  recorded  a  series  of  cases  illustrating  the  earliest  stages  of 
cancer  of  the  tongue — conditions  previously  regarded  as  precancerous, 
but  wliich  were  proved  to  be  actual  cancer  by  careful  investigation 
in  the  laboratory  of  the  Imperial  Cancer  Research  Fund.  Four  con- 
ditions are  specially  described  by  Butlin  :  1,  a  flat  very  slightly  raised, 
smooth,  red,  glazed  plaque,  feeling  like  a  thin  piece  of  gristle  in  the 
surface  of  the  tongue,  and  closely  resembling  a  primary  syphilitic  lesion  ; 
2,  a  white,  warty  growth,  not  ulcerated,  and  scarcely  indurated  at  its 
base  ;  3,  a  slight  thickening  and  hardening  of  an  old  leucoplakic  area  ; 
4,  a  nodular  j^laque,  red,  and  beginning  to  ulcerate,  with  drawing-in 
of  the  surrounding  tissues. 

A  carcinoma  on  the  side  of  the  tongue  tends  at  an  early  stage  to 
draw  upon  the  mucous  membrane  passing  from  the  tongue  to  the  floor 
of  the  mouth,  and  thus  the  tongue  at  the  affected  part  is  fixed  or 
"  anchored,"  so  that  when  protruded  the  tip  deviates  towards  the 
affected  side.  As  the  disease  spreads,  it  tends  to  assume  one  of  two 
forms  :  in  one  it  retains  a  warty  character,  and  in  the  other  ulcerates 
and  f ungates,  destroying  the  substance  of  the  tongue  extensively, 
although  sometimes  showing  a  marked  tendency  to  be  limited  by  the 
middle  line. 

Lenthal  Cheatle,  from  his  observations  on  the  mode  of  spread  of 
cancer  in  the  substance  of  the  tongue,  believes  that  it  is  determined 
largely  by  the  arrangement  of  the  muscles.  He  finds  that  when  the 
disease  begins  in  the  anterior  two-thirds  of  the  organ,  the  hyo-glossus 
is  the  muscle  first  invaded,  and,  in  a  case  in  which  the  tongue  had 
been  removed  by  an  intrabuccal  method,  a  deposit  of  growth  was 
found  in  the  part  of  this  muscle  which  had  been  left.  The  distribution 
of  the  lymphatics  of  the  tongue  in  relation  to  the  spread  of  carcinoma 
has  been  carefully  studied  by  Kiittner  and  Poirier,  whilst  in  this  country 
Butlin  has  placed  the  operative  treatment  of  the  disease  and  its 
lymphatic  extensions  upon  a  scientific  basis.  It  is  a  fact  of  clinical 
interest  that  the  gland  which  lies  over  the  bifurcation  of  the  common 
carotid  artery,  situated  below  and  behind  the  angle  of  the  lower  jaw, 
is  usually  the  first  that  is  palpably  enlarged  in  cancer  of  the  tongue, 
but  before  reaching  this  gland  the  lymphatics  from  the  diseased  area 
of  the  tongue  have  already  passed  through  other  glands  which,  although 
not  necessarily  palpable,  are  probably  involved.  The  lymphatics  from 
the  tip  of  the  tongue  pass  to  the  submental  glands  ;  those  from  the 
lateral  border  pass  to  glands  which  lie  around  and  in  the  submaxillary 
salivary  gland  ;  while  the  most  posterior  enter  a  group  of  glands  lying 
between  the  large  vessels  and  the  parotid  gland.    From  these  various 
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groups  the  lymphatics  pass  to  the  chain  of  glands  which  lie  over  the 
large  vessels,  especially  those  on  the  internal  jugular  vein  between 
the  digastric  above  and  the  omo-hyoid  below. 

Treatment. — The  ideal  operation  for  carcinoma  of  the  tongue, 
as  planned  by  Butlin,  consists  in  removal  of  the  small  lesion  of 
the  mucous  membrane  by  incisions  so  arranged  that  the  edges  of  the 
wound  can  be  brought  together  by  suture.  The  diseased  tissue  is 
carefully  microscoped,  and  if  it  prove  to  be  cancerous  a  subsequent 
operation  is  performed  for  the  removal  of  the  glands  liable  to  be  involved 
(Fig.  142).    This  consists  in  a  free  dissection  of  the  anterior  triangle  of 


Fig.  142. — Microscopic  section  through  edge  of  small  carcinomatous 
ulcer  of  tongue,  showing  irregular  downgrowth  of  epithelial 
cells  into  the  tissues  beneath  the  floor  of  the  ulcer. 


the  neck,  with  removal  of  the  fascia,  fat,  submaxillary  salivary  gland  and 
lymphatic  glands.  If  the  disease  of  the  tongue  extends  to  the  middle 
line,  both  anterior  triangles  must  be  similarly  treated,  and  if  the  glands 
of  the  parotid  region  or  beneath  the  sterno- mastoid  are  extensively 
involved,  the  contents  of  the  posterior  triangle  should  also  be  removed. 

Carcinoma  of  the  jaws  is  represented  by  three  distinct 
forms  of  tumour  :  1,  carcinoma  of  the  mucous  membrane  of  the  gums 
or  hard  palate  ;  2,  carcinoma  of  the  mucous  membrane  lining  the 
maxillary  antrum  ;  and  3,  a  rare  form  of  epithelial  growth,  usually 
cystic,  arising  in  the  interior  of  the  mandible. 

1.  Carcinoma  beginning  in  the  mucous  membrane  of  the  gums 
or  hard  palate  is  usually  of  the  well-marked  squamous-celled  variety, 
and,  on  account  of  the  close  connexion  of  the  mucous  membrane  with 
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the  periosteum,  tends  at  an  early  stage  to  involve  the  bone.  In  some 
cases,  especially  on  the  gums,  the  disease  assumes  a  warty  form,  and 
is  apt  to  be  mistaken  for  a  simple  papilloma.  In  otlier  cases  the 
growth  begins  as  an  ulcer  and,  as  it  advances,  causes  loosening  of 
the  teeth,  and  exposure  or  even  necrosis  of  part  of  the  alveolus.  The 
condition  may  thus  simulate  simple  necro.sis,  the  fungating  masses  of 
the  ulcerating  growth  being  mistaken  for  the  prominent  granulations 
around  a  sequestrum.  Carcinoma  does  not  often  begin  in  the  mucous 
membrane  of  the  liard  palate,  but  is  very  serious  on  account  of  its 
liability  to  invade  the  antrum  and  thence  to  extend  in  a  manner  similar 
to  a  tumour  beginning  primarily  in  that  cavity. 

2.  Carcinoma  of  the  antrum  presents  considerable  variations  in 
its  histological  structure,  dependent  probably  in  part  upon  whether 
it  arises  in  the  columnar  epithelium  of  tlie  surface  of  the  mucous 
membrane,  or  in  the  mucous  glands.  In  some  recorded  cases  the 
tumour  assumes  a  papillary  form,  and  has  tlie  structure  of  a  columnar- 
celled  carcinoma,  but  more  often  it  occurs  as  a  soft,  solid  tumour 
indistinguishable  with  the  naked  eye  from  the  sarcomatous  tumours 
which  also  arise  in  this  situation.  Tumours  of  this  form  vary  in  their 
minute  structure,  sometimes  having  that  of  a  carcinoma  simplex, 
whilst  in  others  the  alveoli  present  a  lumen  surrounded  by  several 
layers  of  spheroidal  or  polyhedral  cells  (tubular  carcinoma.  Fig.  143), 
or  by  cells  having  a  more  or  less  columnar  shape. 

A  carcinoma  of  the  antrum  may  fill  the  cavity  without  producing 
much  external  evidence  of  the  serious  nature  of  the  disease.  Later  it 
tends  to  penetrate  the  bony  walls  of  the  cavity,  encroaching  upon  the 
cheek,  orbit,  nasal  cavity,  or  mouth,  or  projecting  backwards  into  the 
naso-pharynx  or  pterygo-maxillary  region.  Extension  of  the  disease 
in  the  last-mentioned  direction  is  imfortunately  sometimes  discovered 
during  operation  upon  a  case  regarded  as  favourable  for  complete 
removal. 

3.  A  very  unusual  form  of  epithelial  tumour  (jccurs  in  tlie  jaws, 
more  commonly  the  mandible,  as  the  so-called  "  mutilocular  cystic 
disease."  As  met  with  in  the  mandible,  the  tumour  presents  itself 
as  a  central  growth  which  gradually  expands  a  considerable  part  of 
the  body  and  often  the  ramus  of  the  jaw  into  a  thin,  irregular,  bony 
shell.  The  tumour  itself,  as  the  name  implies,  is  composed  of  a  number 
of  cysts  mixed  with  a  variable  amount  of  solid  tissue.  Sometimes 
the  solid  growth  forms  the  bulk  of  the  tumour,  which  has  then  the 
macroscopic  characters  of  a  fibrous  tumour  in  which  the  cysts  may 
scarcely  be  visible,  whilst  in  other  cases  the  tumour  is  composed  almost 
entirely  of  a  mass  of  cysts  of  considerable  size  and  containing  a  clear 
or  grumous  fluid.  The  expanded  bone  of  the  mandible,  especially  of 
the  outer  table,  is  often  so  thinned  as  to  give  the  wejl-known  sensation 
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of  eggshell-crackling.  The  teeth  in  the  affected  pajt  of  the  jaw 
become  loosened,  and  in  the  place  of  those  which  have  come  away 
the  tumour  projects  beneath  the  gums,  and  one  or  more  sinuses  may- 
lead  into  cysts  in  the  growth. 

Examined  microscopically,  the  solid  parts  of  the  tumour  present 
a  connective-tissue  stroma  in  which  are  branching  spaces,  filled  with 


Fig.  143. — Microscopic  Eection  of  tubular  carcinoma  of  antrum. 


epithelial  cells.  The  cells  forming  the  peripheral  layer  of  the  cell- 
masses  are  usually  cubical  or  columnar  in  shape,  while  the  remaining 
cells  are  small,  and  elongated  or  angular.  The  formation  of  cysts  is 
due  to  changes  in  the  masses  of  epithelium,  the  central  cells  of  which 
undergo  degeneration,  whilst  the  peripheral  cells  remain  as  a  lining 
to  the  cyst  (Fig.  144).  This  anomalous  tumour  has  been  the  subject  of 
much  investigation  and  considerable  dilference  of  opinion.  Falkson,  in 
1879,  and  subsequently  Bryk,  concluded  that  the  tumour  originated 
in  an  abnormal  growth  of  the  enamel  organ.    Eve,  in  1882,  clearly 
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demonstrated  the  epithelial  nature  of  the  growth,  and  the  origin  of 
the  cysts  by  changes  in  the  epithelial  masses,  and  regarded  the  tumour 
as  originating  in  the  gum.  In  1885,  Malassez  publislied  his  observations 
on  the  remains  of  paradental  epithelium  in  the  adult  jaw  (p.  -^'-'S),  and 
thus  the  origin  of  an  epithelial  tumour  can  be  explained  indepen- 
dently of  the  epithelium  of  the  gum.    This  view  of  the  origin  of  the 


Fig.  144. — Microscopic  section  of  cystic  epithelial  tumour  of 


cystic  epithelial  tumour  now  under  discussion  is  usually  adopted,  and 
accordingly  the  name  "  epithelial  odontome  "  is  sometimes  applied  to 
it  (p.  :m). 

The  tumour  usually  occurs  in  young  adults,  and  pursues  a  slowly 
progressive  course  often  extending  to  many  years.  There  is,  however, 
reason  to  believe  that  it  is  not  entirely  benign  in  its  nature,  and  is 
rightly  regarded  as  a  cystic  carcinoma.  In  a  remarkable  case  recorded 
by  Christopher  Heath,  numerous  operations  had  been  performed  during 
a  period  of  thirty-five  years  for  a  cystic  tumour  of  this  nature,  which 
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eventually  involved  both  sides  of  the  mandible.  Before  the  patient's 
death,  the  recurrent  tumour  involved  the  skin,  and  tumours  developed 
beneath  the  right  deltoid  and  in  connexion  with  the  right  liip-bone. 
In  another  of  Heath's  cases  a  large  tumour  of  the  structure  above 
described  was  removed  from  the  right  half  of  the  mandible  of  a  man 
22  years  of  age.  Eleven  years  later  the  patient  returned  with  an 
ulcerating  growth  involving  the  cheek  and  the  remaining  part  of  the 
right  half  of  the  jaw  ;  the  structure  of  the  recurrent  growth  corre- 
sponded exactly  mth  that  of  the  primary  tumour.  In  conclusion, 
it  is  deserving  of  mention  that  Bland-Sutton  has  expressed  the  opinion 
that  these  tumours  are  in  reality  endotheliomas.  Although  we  are 
not  in  agreement  with  this  view,  we  must  admit  that  it  is  in  keeping 
with  the  long  course  and  low  malignancy  exhibited  by  the  disease. 

Carcinoma  of  the  soft  palate,  pharynx,  and  tonsil 
IS  of  the  same  type  as  that  occurring  in  the  tongue  and  other 
parts  of  the  mouth.  The  tonsil  is  less  often  the  seat  of  a  primary 
growth  than  involved  in  a  growth  beginning  in  its  neighbourhood. 
Early  glandular  invasion  is  the  rule.  The  disease  in  this  part  is  impor- 
tant ratlier  from  the  operative  point  of  view  than  from  any  special 
pathological  features. 

In  the  nasal  cavity  carcinoma  is  rare,  and  usually  begins 
either  in  the  mucous  membrane  of  the  septum  or  in  the  ethmoidal 
region.  It  may  be  either  a  squamous-celled  carcinoma  or  carcinoma 
simplex. 

Carcinoma  of  the  salivary  glands  is  rare,  and  is  always 
of  the  carcinoma  simplex  form.  It  is  less  rare  in  the  parotid  than  in 
the  other  glands,  and  may  occur  as  a  growth  of  considerable  hardness, 
or  in  a  softer  form  indistinguishable  clinically  from  a  sarcoma.  The 
distinction  between  a  malignant  growth  of  the  parotid  gland  and  an 
endotheHoma  in  the  parotid  region  is  rarely  difhcult ;  the  former 
presents  itself  as  a  deeply  fixed  tumour,  filling  the  hollow  behind  the 
ramus  of  the  jaw,  whereas  the  endothelioma  is  usually,  in  the  early 
stages  at  least,  more  superficially  placed  and  often  freely  movable. 
Paralysis  of  the  facial  nerve  may  result,  and  in  the  case  of  a  tumour 
in  the  parotid  region  is  to  be  regarded  as  a  certain  indication  of  its 
malignant  nature. 

In  the  later  stages  a  carcinoma  of  the  parotid  gland  may  involve 
the  skin  and  ulcerate,  the  condition  closely  resembUng  that  resulting 
from  an  ulcerated  squamous  carcinoma  of  the  skin  with  secondary 
deposits  in  the  lymphatic  glands  of  the  parotid  region. 

Carcinoma  of  the  thyroid  gland  usually  has  the  struc- 
ture of  carcinoma  simplex.  The  disease  tends  to  develop  in  glands 
which  are  already  the  seat  of  a  simple  enlargement,  and  is  therefore 
met  with  most  commonly  in  localities  in  which  goitre  is  endemic. 
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Berry  has  pointed  out  that,  even  when  a  history  of  pre-existing  enlarge- 
ment cannot  be  obtained,  the  presence  of  cysts  or  of  areas  of  calcifi- 
cation in  the  tumour  often  affords  evidence  of  previous  disease  of 
tlie  gland. 

The  liistological  characters  of  the  tumour  vary  within  wide  limits. 
In  some  instances,  as  in  the  tumour  illustrated  in  Fig.  145,  the  structure 
is  essentially  spheroidal-celled  ;  in  other  cases  the  epithehum  assumes 
a  more  cubical  form  and  surrounds  a  definite  lumen  ;  whilst  in  certain 
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Fig.  145. — Microscopic  section  of  carcinoma  of  thyroid  gland. 

rare  forms  of  carcinoma  the  tumour  retains,  in  both  the  primary  and 
secondary  deposits,  a  strildng  resemblance  to  the  normal  thyroid  tissue, 
and  consists  of  alveoli  containing  colloid  substance.  Still  more  rarely 
the  tumour  has  a  papillary  structure. 

In  its  macroscopic  features  carcinoma  of  the  thyroid  presents 
equally  marked  variations.  In  rare  cases  the  whole  gland  is  infiltrated 
by  a  soft  growth,  which,  except  on  microscopic  examination,  is  indis- 
tinguishable from  a  sarcoma.  More  commonly,  the  tumour  is  hard 
and  nodular,  and  if  limited  to  part  of  the  gland  may  present  such 
a  degree  of  encapsulation  as  to  produce  a  close  resemblance  to  a 
simple  adenoma.  Lastly,  it  is  very  important  to  bear  in  mind 
that  in  certain  cases  of  carcinoma  of  the  thyroid,  tiie  naked-eye 
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appearances  of  the  disease  are  indistinguishable  from  those  of  a 
simple  colloid  goitre. 

At  a  comparatively  early  stage  a  carcinoma  of  the  thyroid  tends 
to  encroach  upon  the  structures  outside  the  capsule,  and  the  tumour 
thus  becomes  fixed.  Extension  to  the  trachea  is  most  common,  the 
growth  involving  and  finally  ulcerating  through  the  mucous  membrane. 
Berry  states  that  although  the  muscular  wall  of  the  pharjTix  is  often 
implicated,  the  tumour  very  rarely  penetrates  the  mucous  membrane. 
By  its  further  growth  the  tumour  may  become  adherent  to  and  even 
surround  the  large  vessels  of  the  neck,  and  may  cause  paralysis  of  the 
recurrent  laryngeal  and  sympathetic  nerves. 

Metastases  are  very  common  in  carcinoma  of  the  thyroid,  some 
forms  affecting  particularly  the  lymphatic  glands  of  the  neck  and 
thorax,  and  others  occurring  by  way  of  the  blood-stream.  The 
frequency  of  the  latter  is  no  doubt  explained  by  the  character  of 
the  blood-vessels,  which  often  have  not  the  usual  form  of  capillaries, 
but  are  irregular  sinusoid  spaces  in  the  very  delicate  stroma,  the  endo- 
thelium bounding  them  being  in  direct  contact  with  the  epithelial 
cell-masses. 

The  metastases  are  particularly  common  in  the  bones,  which, 
according  to  Limbacher,  are  affected  in  37  per  cent,  of  the  cases.  These 
secondary  bone  deposits  are  sometimes  remarkable  for  the  extraor- 
dinary way  in  which  their  structure  imitates  that  of  normal  thyroid 
tissue,  and  also  in  the  fact  that  they  may  pulsate.  The  first  cases  of 
this  nature  were  recorded  by  Cohnlieim  and  Max  Runge  in  1876,  and 
were  followed,  in  1880,  by  Morris's  case  in  this  country.  In  the  latter, 
secondary  growths  were  present  in  the  left  parietal  bone,  right  clavicle, 
and  both  femurs,  and  it  was  only  after  investigation  by  a  committee 
of  the  Pathological  Society,  consisting  of  Marcus  Beck,  Butlin,  and 
Godlee,  that  the  relation  of  the  bone  tumours  to  an  enlargement  of 
the  thyroid  gland  was  established.  Since  that  date  numerous  similar 
cases  have  been  recorded. 

The  great  clinical  importance  of  this  aspect  of  carcinoma  of  the 
thyroid  depends  upon  the  fact  that  a  secondary  bone  deposit  may 
alone  engage  the  attention  of  the  surgeon,  whilst  the  existence  of  an 
enlargement  of  the  thyroid  may  be  overlooked  or  disregarded.  Many 
mistakes  of  this  kind  are  on  record,  and  in  more  than  one  instance  a 
jjulsating  secondary  tumour  of  the  sternum  has  been  mistaken  for  a 
thoracic  aneurysm. 

Hebb  has  recorded  the  case  of  a  man  aged  41  who  was  admitted 
into  the  Westminster  Hospital  suffering  from  paraplegia  and  angular 
curvature  of  the  upper  dorsal  spine.  The  symptoms  were  of  two 
years'  duration,  and  were  accompanied  by  great  emaciation.  At 
the  post-mortem  examination  a  mass  of  growth  was  found  involving 
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the  bodies  of  the  second,  third,  and  fourth  dorsal  vertebra;  and  causing 
pressure  on  the  spinal  cord.  There  were  also  numerous  secondary 
growths  in  the  lungs  and  kidneys.  In  the  isthmus  of  the  thp-oid 
body  was  an  encapsuled,  partly  cystic  tumour  as  large  as  a  hen's  egg. 
The  primary  and  secondary  growths  consisted  of  follicles,  lined  with 
epithelium,  and  containing  colloid  substance.  In  such  a  case  as  this — 
and  other  similar  ones  are  on  record — the  surgeon  is  very  apt  to  regard 
the  condition  of  the  spine  as  tuberculous  and  tlie  associated  enlarge- 
ment of  the  tl^Toid  as  unimportant.  A  careful  examination  of  the 
breast,  thyroid,  or  prostate  may  afford  valuable  evidence  in  cases  of 
obscure  bone  tumours,  or  in  cases  suspected  to  be  instances  of  tuber- 
culous disease  of  the  spine  in  middle-aged  or  elderly  subjects. 

In  considering  the  histological  variations  of  carcinomas  occurring 
in  connexion  with  the  thyroid  gland,  Langhans  refers  to  tumours 
probably  arising  in  the  parathyroids,  as  described  by  Kocher,  as  well  as 
to  others  j^ossibly  originating  in  the  lateral  th}Toid  rudiment  to  which 
attention  was  Hrst  drawn  liy  tJetzuwa. 

Carcinoma  of  the  larynx  is  almost  invariably  of  the 
squamous-celled  form,  but  a  few  instances  of  columnar-celled  growths, 
probably  originating  in  the  mucous  glands,  have  been  recorded.  As 
a  rule,  the  disease  arises  independently  of  any  pre-existing  pathological 
condition,  and,  contrary  to  what  might  be  expected,  it  is  said  that 
there  is  no  evidence  that  it  occurs  as  a  sequela  of  pachydermia  of 
the  larynx. 

Carcinoma  of  the  larynx  is  usually  divided  into  the  intrinsic  and 
extrinsic  varieties,  the  intrinsic  form  occurring  chiefly  on  the  vocal 
cords  and  ventricular  bands,  and  the  extrinsic  form  on  the  ary-epiglottic 
folds,  epiglottis,  and  posterior  surface  of  the  cricoid.  The  intrinsic 
form  usually  pursues  a  slower  course  and  shows  a  less  marked  tendency 
to  cause  early  glandular  invasion  than  the  extrinsic  form.  In  car- 
cinoma of  the  larynx  the  glands  affected  are  usually  those  lying  along 
the  internal  jugular  vein. 

The  disease  presents  the  same  variations  in  its  naked-eye  appear- 
ances as  are  seen  in  squamous-celled  carcinoma  elsewhere,  and  may 
be  warty  or  ulcerating.  On  the  vocal  cords  the  earliest  sign  of  the 
disease  may  be,  according  to  Semon,  a  unilateral  congestion,  a  diffuse 
red  uneven  infiltration,  a  broad-based  wart,  or  an  uneven  fringe-like  out- 
growth.   Impaired  mobility  of  the  affected  cord  is  an  important  sign. 

Although  carcinoma  of  the  trachea  and  of  the  main 
bronchi  must  be  regarded  as  pathological  curiosities,  the  disease 
occasionally  occurs  in  the  bronchial  tubes  as  a  columnar-celled  growth, 
or  as  carcinoma  simplex.  The  growth  may  be  met  with  as  a  localized 
thickening  of  the  wall  of  the  tube,  projecting  as  a  warty  prominence 
into  the  lumen.  As  a  result  of  the  obstruction,  bronchiectasis  is  likel)^ 
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to  occur.  In  other  cases  tlie  tumour  forms  a  mass  surrounding  the 
tube,  and  may  extend  along  the  bronchial  ramifications  in  the  lung, 
and  even  reach  the  pleura.  Secondary  deposits  may  be  found  in  the 
bronchial  glands. 

Primary  carcinoma  of  the  lung  is  rare,  and  may  probably  originate 
either  in  the  small  bronchial  tubes  or  in  the  alveolar  epithelium.  The 
growth  may  be  diffuse  and  infiltrate  a  considerable  part  of  one  of  the 
lobes,  or  may  present  itself  as  a  localized  nodular  mass  in  the  lung 
substance.  The  tumour-cells  may  actually  occupy  the  pulmonary 
alveoli.    The  bronchial  glands  are  likely  to  be  invaded. 

A  malignant  growth  in  the  lung,  after  iindergoing  necrosis,  may 
commtmicate  with  one  of  the  large  bronchi  and  occasion  pulmonary 
haemorrhage. 

Carcinoma  of  the  oesophagus  usually  occurs  as  the 
squamous-celled  form,  with  well-marked  cell-nest  formations,  but  in 
rare  instances,  possibly  when  the  growth  originates  in  the  oesophageal 
glands,  the  structure  is  that  of  carcinoma  simplex,  and  in  tumours 
at  the  cardiac  orifice  the  structure  may  suggest  that  the  gi'owth 
originated  in  the  stomach.  The  disease,  which  is  common,  especially 
in  men,  occurs  most  frequently  at  one  or  other  extremity  of  the 
oesophagus,  or  at  the  level  of  the  bifurcation  of  the  trachea,  where  the 
oesophagus  is  crossed  by  the  left  bronchus.  The  naked-eye  characters 
of  the  disease  vary  widely,  and  whilst  in  some  cases  an  annular  stricture , 
fibrous  in  appearance,  results,  in  other  cases  the  growth  involves  a 
considerable  length  of  the  canal,  and  leads  to  very  extensive  ulceration. 
In  the  ulcerating  forms  the  growth  frequently  spreads  through  the 
wall  of  the  oesophagus,  leading  to  a  fistulous  communication  with  the 
trachea  or  bronchus,  opening  up  a  neighbouring  blood-vessel,  or  causing 
suppuration  in  the  adjacent  tissues  of  the  neck  or  thorax.  When 
the  disease"  involves  the  upper  part  of  the  oesophagus,  enlarged  glands 
may  be  present  in  the  neck,  but  in  disease  of  the  intrathoracic  portion, 
the  oesophagus,  together  with  the  lower  part  of  the  trachea  and  the 
bronchi,  may  be  surrounded  by  a  large  lobulated  mass  of  growth  formed 
by  the  adherent  infiltrated  glands.  From  the  lower  parts  of  the 
oesophagus  the  left  supraclavicular  glands  may  become  invaded  by 
way  of  the  thoracic  duct. 

Carcinoma  of  the  stomach. — The  stomach  is  one  of  the 
three  organs  in  which  carcinoma  most  commonly  occurs,  tlie  other 
two  being  the  breast  and  the  uterus. 

In  its  minute  structure  carcinoma  of  the  stomach  presents  two 
forms,  the  epithelial  cells  in  one  having  the  undifferentiated  form  of 
the  carcinoma  simplex,  and  in  the  other  retaining  a  more  or  less  cubical 
or  columnar  shape  (Fig.  146).  No  sharp  line  can  be  drawn  between 
these  two  varieties,  but  whilst  the  carcinoma  simplex  tends  to  manifest 


CARCINOMA  OF  THE  STOMACH 


547 


itself  as  an  ulcer  or  induration  or  as  a  fimgating  tumour,  the  columnar- 
celled  carcinoma  almost  always  assumes  the  fmigating  form.  Occasion- 
ally the  growth  undergoes  extensive  colloid  degeneration.  Nothing 
definite  is  known  concerning  any  precancerous  conditions  in  the  gastric 
mucous  membrane,  and  the  evidence  that  cancer  of  tlie  stomach  tends  to 
develop  in  a  sim2)le  chronic  ulcer  is  by  no  means  convincing,  but  it  is 
worthy  of  notice  that  carcinoma  most  commonly  occurs  in  that  part  of 
the  stomach  in  wliich  chronic  ulceration  is  also  most  common.  The 


Fig.  146. — Microscopic  section  of  columnar-celled  carcinoma  of 

stomach. 

favourite  site  of  the  disease  is  the  pylorus,  and  here  the  growth  usually 
occurs  as  an  ulcer  or  as  a  hard,  annular  thickening,  causing  narrowing  of 
the  orifice,  and  sometimes  indistinguishable  ^vith  the  naked  eye  from  the 
simple  chronic  ulcers  and  inflammatory  indurations  which  are  also 
common  in  this  situation.  A  hard,  craggy,  raised  edge  may  often, 
however,  serve  to  distinguish  the  malignant  ulcer  from  a  simple  one. 
At  the  site  of  the  disease  the  muscular  coat  may  be  strikingly  hyper- 
trophied,  but  the  serous  coat  often  remains  for  a  long  while  smooth 
and  free  fi-om  adhesions. 

A  carcinoma  beginning  in  the  region  of  the  pylorus  tends  to  spread 
into  the  body  of  the  stomach  but  not  into  the  duodenum.    It  extends 
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chiefly  in  the  submucous  tissue,  often  especially  along  the  curvatures, 
and  tends  to  invade  the  lymphatic  glands  which  lie  in  the  small  omentum 
and  along  the  right  half  of  the  great  curvature  between  the  layers  of 
the  great  omentum.  A  consideration  of  the  mode  of  spread  of  carcinoma 
of  the  pylorus  shows  that  in  the  removal  of  the  disease  by  operation  the 
duodenum  may  safely  be  divided  a  short  distance  from  the  growth,  but 
that  in  the  stomach  the  section  must  be  made  in  such  a  way  as  to  include 
the  whole  length  of  the  small  curvature  and  a  corresponding  part  of 
the  great  curvature,  whilst,  in  dividing  the  omenta  attached  to  the 
portion  of  stomach  removed,  the  section  must  be  so  planned  as  to 
remove  the  glands  along  the  two  curvatures. 

Among  the  rarer  forms  assumed  by  carcinoma  of  the  stomach  is  that 
in  which  the  disease,  usually  beginning  in  the  region  of  the  pylorus, 
gradually  involves  a  large  part  of  the  organ  by  extension  along  the 
submucous  coat,  producing  a  condition  of  general  contraction  and 
thickening  which  presents  itself  as  one  form  of  "  leather-bottle  stomach." 
In  the  fungating  form  of  the  disease  an  irregularly  globular  or 
cauliflower-like  mass  of  growth  may  project  into  the  cavity  of  the 
stomach,  or  the  tumour  may  involve  a  considerable  area  in  the  form 
of  a  less  prominent,  irregularly  excavated  mass. 

An  ulcerated  carcinoma  is  less  likely  than  a  simple  ulcer  to  lead 
to  perforation,  and  erosion  of  a  large  vessel  is  relatively  rare.  When 
the  fungating  tumour  is  of  the  more  highly  specialized  columnar- 
celled  type  the  tendency  to  invasion  of  the  lymph-glands  is  much 
less  than  in  the  case  of  tumours  of  the  undifferentiated  structure. 
In  advanced  cases  of  carcinoma  of  the  stomach  various  extensions 
of  the  disease  may  occur.  Thus,  secondary  deposits  in  the  Uver 
may  occur  by  way  of  the  portal  circulation  or  from  the  portal 
lymphatic  glands  ;  the  left  supraclavicular  glands  may  be  invaded 
by  way  of  the  thoracic  duct ;  extensive  peritoneal  infection  may 
occur  by  lymphatic  permeation,  causing  diffuse  tliickening  ;  while 
sometimes  the  pelvic  viscera,  especially  one  or  both  ovaries,  may 
be  involved.  This  occurrence  of  secondary  deposits  in  the  pelvis 
may  lead  to  mistakes  in  diagnosis,  as,  for  instance,  if  the  ovaries 
are  involved  wliile  the  tumour  of  the  stomach  is  still  unproductive 
of  marked  symptoms,  and  as  in  a  case  under  the  care  of  Bilton  Pollard 
in  wlaich  infiltration  of  the  peritoneum  of  the  recto-vesical  pouch 
led  to  the  diagnosis  of  primary  carcinoma  of  the  prostate. 

Carcinoma  of  the  liver. — Primary  cancer  of  the  liver  is 
rare,  whereas  secondary  deposits,  especially  when  the  primary  growth 
is  situated  in  the  area  drained  by  the  portal  vein,  are  very  common. 

Primary  carcinoma  may  originate  in  the  Uver  cells,  or  in  the  intra- 
hepatic biliary  passages.  In  the  first  variety  the  tumour  has  the 
structure  of  carcinoma  simplex,  whilst  in  the  other  it  usually  retains 
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more  or  less  distinctly  tlie  columnar  shape  of  the  cells.  To  the  naked 
eye  the  three  most  important  forms  of  primary  cancer  of  the  liver 
are — (1)  a  soft,  solid  mass  in  the  substance  of  the  organ,  usually  the 
right  lobe  ;  (2)  a  diffuse  form  associated  with  cirrhosis  ;  and  (3)  multiple 
nodules  associated  with  cirrhosis.  The  liver  may  also  be  invaded  by 
the  direct  extension  of  a  carcinoma  originating  in  the  gall-bladder  or 
extraliepatic  ducts. 

Carcinoma  of  the  gall-bladder  is  much  more  common  in 
women  than  in  men,  and  is  associated  with  the  presence  of  gall-stones 
in  probably  80  or  90  pev  cent,  of  the  cases.  Such  a  relationship  cannot 
be  accidental,  and  there  can  be  no  doubt  that  the  changes  in  the  mucous 
membrane  resulting  from  the  long-continued  irritation  of  calculi  is 
the  cause  of  the  malignant  disease.  The  tumour  may  be  of  the  columnar- 
celled  variety,  or  may  have  the  vmdifferentiated  structure  of  carcinoma 
simplex,  whilst  in  a  few  recorded  cases  a  squamous-celled  growth  has 
resulted  from  a  metaplasia  similar  to  that  sometimes  occurring  in  other 
mucous  membranes  normally  lined  with  columnar  epithelium.  The 
growth  usually  tends  to  infiltrate  the  wall  of  the  gall-bladder,  forming 
eventually  a  solid  mass  of  growth  with  gall-stones  embedded  in  its 
centre.  Colloid  degeneration  may  occur,  and  in  rare  cases  the  tumour 
assumes  a  polypoid  or  papillary  form.  As  the  disease  extends,  it  is 
very  liable  to  infiltrate  tlie  adjacent  parts  of  the  liver,  or  other  neigh- 
bouring parts  such  as  the  colon  or  pylorus  may  be  involved.  Secondary 
deposits  are  likely  to  be  found  in  the  glands  in  the  portal  fissure,  but 
metastases  elsewliere  are  very  rare. 

In  the  large  biliary  ducts  carcinoma  is  more  frequent  in 
the  lower  part  of  the  common  bile-duct  than  elsewhere,  and  is  an 
important  cause  of  obstructive  jaundice.  The  character  of  the  growth 
is  similar  to  that  occurring  in  tlie  gall-bladder,  and  it  may  present 
itself  as  a  nodular  mass  in  the  lumen,  as  a  dense  growth  surrounding 
the  duct,  or  as  a  warty  or  villous  excrescence.  Unlike  carcinoma  of 
the  gall-bladder,  the  disease  occurring  primarily  in  the  ducts  is  rarely 
associated  with  gall-stones.  For  carcinoma  of  the  papilla  of  Vater 
see  p.  551. 

Carcinoma  of  the  pancreas  is  rare.  Among  2,005  cases 
of  carcinoma  examined  post-mortem,  collected  by  Biach  from  three 
Vienna  hospitals  and  quoted  by  Robson  and  Moynihan,  the  pancreas 
was  the  seat  of  the  disease  in  29  cases.  The  tumour  is  usually  a  car- 
cinoma simplex  of  the  hard  variety,  but  the  growth  may  be  columnar- 
celled,  and  sometimes  presents  colloid  degeneration.  In  very  rare 
instances  cystic  changes  in  the  tumour  have  been  so  marked  as  to  con- 
stitute one  variety  of  pancreatic  cyst.  A  hard  carcinoma  in  the  head 
of  the  pancreas,  wliich  is  by  far  the  most  common  form  of  the  disease, 
is  of  great  clinical  importance  as  a  cause  of  obstructive  jaundice. 
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Carcinoma  of  the  intestine  is  usually  columnar-celled  (Fig. 
131),  but  the  degree  to  wliich  the  columnar  shape  of  the  cells  is 
preserved  varies  very  greatly,  so  that,  as  already  described,  whilst 
in  some  tumours  the  alveoli  are  in  parts  lined  with  a  single  layer  of 
columnar  cells,  in  others  the  cells  proliferate  irregularly  and  partly 
fill  the  lumen,  and  in  others  the  columnar  t}^e  is  so  entirely  lost 
that  the  growth  has  the  structure  of  carcinoma  simplex.  Car- 
cinomas of  the  intestine  not  uncommonly  undergo  extensive  col- 
loid degeneration.  The 
change  commences  by 
the  appearance  in  the 
cell  protoplasm  of 
clear,  colourless,  highly 
refracting  droplets, 
which  gradually  en- 
large and  coalesce 
until  the  cell  is  re- 
placed by  a  gelatin- 
ous mass.  By  the 
fusion  of  the  adjacent 
cells  the  alveoli  be- 
come filled  by  a  jelly- 
like substance,  so  that 
in  those  parts  of  the 
tumour  in  which  the 
change  is  most 
marked  all  evidence 
of  its  epithelial  nature 
may  be  lost.  To  the 
naked  eye  a  colloid 
cancer  presents  the 
appearance  of  a  deli- 
cate fibrous  meshwork, 
the  spaces  of  which 
are  filled  with  the  yellowish-brown  translucent  material. 

In  all  parts  of  the  intestine  a  carcinoma  may  be  met  with  in  three 
chief  forms  of  growth — as  a  shrinldng  fibrous  form  causing  an  annular 
stricture,  as  an  ulcer  presenting  the  characters  already  described 
(p.  519),  and  as  a  fungating  or  papillary  mass  projecting  into  the 
lumen  of  the  bowel.  In  passing  along  the  intestine  from  the  pylorus 
to  the  anus  very  striking  differences  are  observed  in  the  liability  of 
the  different  parts  to  the  development  of  carcinoma.  Throughout  the 
small  intestine  it  is  rare,  and  in  the  large  intestine  common.  In 
the  large  intestine,  although  any  part  may  be  affected,  it  is  most 


Fig.  147. — Carcinoma  of  jejunum. 
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common  at  the  ileo-colic  valve  and  cajcuni,  at  the  hepatic  and  splenic 
flexures,  and  above  all  in  the  pelvic  colon  and  rectum. 

Carcinoma  of  the  small  intestine  very  rarely  occurs.  An 
important  example  is  that  sometimes  occurring  in  the  duodenum  at 
the  papilla  of  Vater  and  causing  obstruction  of  the  common  bile-duct. 
In  Fig.  147  is  illustrated  a  primary  carcinoma  of  the  jejunum  which 
caused  a  chronic  intussusception  and  was  successfully  removed.  The 
small  carcinomas  occurring  in  the  duodenum  at  the  orifice  of  the 


if 


Fig.  148. — Microscopic  section  of  the  carcinoma  illustrated  in  Fig.  147. 


common  bile-duct  are  colunmar-celled,  but  in  most  of  the  recorded 
cases  of  carcinoma  of  other  parts  of  the  small  intestine  the  tumour 
appears  usually  to  have  been  a  carcinoma  simplex  (Fig.  148). 

Carcinoma  of  the  large  intestine  occurs  chiefly  in  the  situations 
already  indicated,  and  when  causing  an  annular  "  malignant  stricture  " 
is  one  of  the  most  common  causes  of  chronic  intestinal  obstruction. 
The  other  conditions  which  may  supervene  during  the  progress 
of  the  disease  can  only  be  briefly  mentioned.  As  is  the  case  with 
simple  tumours,  carcinoma  is  very  liable  to  cause  some  degree  of 
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intussusception,  very  strildng  instances  of  which  have  been  met  with  in 
tumours  of  the  ileo-colic  valve.  Secondary  deposits  are  common  in  the 
lymphatic  glands,  liver  and  peritoneum,  but  metastases  in  the  limgs 
and  bones  are  very  exceptional.  The  invasion  of  the  peritoneum  by 
lymphatic  permeation  may  reach  the  extreme  degree  already  described 
in  cancer  of  the  stomach,  and  if  the  secondary  deposits  undergo  colloid 
degeneration,  the  peritoneal  cavity  may  be  extensively  occupied  by 
large  gelatinous  masses.  In  this  connexion  it  is  interesting  to  recall 
what  has  already  been  said  with  regard  to  the  condition  known  as 
"  pseudomyxoma  peritonei,"  which  sometimes  follows  the  escape  of 
mucinous  material  into  the  peritoneal  cavity  from  a  ruptured  ovarian 
cyst,  for  the  appearances  presented  to  the  naked  eye,  and  even 
under  the  microscope,  may  in  such  cases  be  very  suggestive  of 
colloid  carcinoma  (p.  443).  Striking  instances  of  a  similar  condition 
following  rupture  of  the  vermiform  appendix  and  discharge  of 
mucus  therefrom  have  been  recorded  by  Fraenkel,  Trotter  and 
others.  In  Trotter's  case  it  was  found  when  the  abdomen  was  opened, 
about  a  month  after  an  attack  of  appendicitis,  that  the  omentum, 
peritoneum,  caecum  and  ascending  colon  were  thickly  covered  with 
rounded  gelatinous  translucent  masses,  and  the  case  was  regarded  as 
one  of  colloid  carcinoma,  even  after  microscopic  examination  of  part 
of  the  omentum,  which  was  removed.  A  further  study  of  the  specimen 
and  of  recorded  cases  of  pseudomyxoma  arising  from  the  appendix 
convinced  Trotter  that  the  case  was  of  this  nature — a,  view  which  was 
supported  by  the  fact  that  eighteen  months  after  the  operation  the 
patient  presented  no  evidence  of  abdominal  disease. 

By  the  direct  extension  of  the  primary  growth,  fistulous  communi- 
cations with  neighbouring  parts,  such  as  the  bladder,  vagina,  neigh- 
bouring coils  of  intestine,  or  even  the  stomach,  may  be  established, 
or  perforation  into  the  peritoneal  cavity  may  occur.  It  is,  however, 
a  matter  of  practical  importance  that  when  a  malignant  stricture  of 
the  lower  part  of  the  large  intestine  proves  fatal  by  perforation,  the 
perforation  often  occurs,  not  at  the  seat  of  the  tumour,  but  through 
the  base  of  one  of  the  multiple  follicular  ulcers  frequently  present 
above  the  seat  of  obstruction,  especially  in  the  cajcum.  An  intestinal 
carcinoma  has  sometimes  been  Imown  to  extend  through  the  umbilicus. 

Mention  must  again  be  made  of  the  frequency  with  which  an 
ulcerating  carcinoma  of  the  intestine  is  complicated  by  suppuration. 
The  practical  interest  of  this  lies  largely  in  the  fact  that  the  true  nature 
of  the  disease  may  be  overlooked  should  abscess-formation  occur 
early  in  the  course  of  an  intestinal  cancer  which  has  not  yet  produced 
any  marked  symptoms,  as,  for  instance,  when  the  disease  is  in 
the  csecum.  It  should  also  be  noted  that  certain  inflammatory 
affections  may  simulate  carcinoma  of  the  bowel.    Thus,  to  refer  again 
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to  the  CtX'Cuni,  the  hard  mass  sometimes  resulting  from  inflammation 
of  the  appendix  may  in  its  clinical  features  be  indistinguishable  from 
a  hard  cancerous  tumour  ;  and  again,  the  tumour  formed  by  the  hyper- 
plastic variety  of  tuberculosis  of  the  ctecum,  or  by  actinomycosis  in  the 
same  region,  may  lead  to  similar  diagnostic  difficulty. 

Carcinoma  of  the  vermiform  appendix  is  probably  very  rare. 
In  a  considerable  number  of  recorded  cases  the  diagnosis  of  carcinoma 
has  been  based  upon  the  microscopic  examination  of  the  ajjpendix 
removed  during  an  attack  of  appendicitis,  often  in  young  subjects. 
Whilst  fully  allowing  that  an  unsuspected  carcinoma  of  the  ajDpcndix 
may  cause  a  secondary  inflammation  simulating  simple  appendicitis, 
it  is  more  than  probable  that  the  microscojaic  appearances  regarded  as 
indicative  of  carcinoma  have  often  been  due  to  hyper^jlastic  changes 
in  the  glandular  follicles  or  lymphatic  endothelium. 

In  speaking  of  the  pathological  features  of  carcinoma  of  the  rectum 
little  need  be  added  to  what  has  been  said  of  the  disease  as  it  occurs 
in  other  parts  of  the  large  intestine.  The  disease  is  probably  twice 
as  common  in  men  as  in  women,  and  the  average  age  at  which  it  first 
produces  symptoms  is  about  50  years.  It  may  occur  m  any  part 
of  the  rectum,  but  is  particularly  common  at  a  distance  of  two  or 
three  inches  from  the  anus.  The  growth  occurs  most  frequently  as 
a  hard,  irregular,  ulcerated  patch  (Fig.  149),  but  not  rarely  forms  a 
dense,  annular,  ulcerated  stricture,  tending  to  cause  a  varying  degree  of 
invagination.  As  it  extends,  the  tumour  invades  the  whole  thickness 
of  the  gut,  becoming  adherent  to  and  finally  invading  the  surromiding 
structures,  such  as  the  base  of  the  bladder,  the  prostate,  or  the  vagina. 
The  lymphatic  glands  first  involved  are  usually  those  lying  between 
the  layers  of  the  meso-rectum,  whence  the  ihac  and  lumbar  glands 
may  be  invaded.  As  in  other  parts  of  the  intestine,  the  disease  is 
liable  to  occasion  supj^uration  around  the  bowel  and  to  cause  fistulous 
commimications  with  the  neighbouring  viscera. 

It  cannot  be  too  strongly  insisted  upon,  that  carcinoma  of  the  rectum 
may  advance  even  to  an  inoperable  condition  without  producing  any 
characteristic  symptoms,  and  that  its  recognition  depends  solely 
upon  a  ]>r(^]ierly  conducted  lectal  examination. 

Carcinoma  of  the  anus  is  not  common,  and  occurs  as  the 
squamous-celled  variety,  usually  beginning  at  the  line  of  junction 
of  the  skin  and  mucous  membrane.  Frequently  some  inflammatory 
condition  precedes  the  development  of  the  disease  ;  thus,  it  has  been 
known  to  begin  in  an  external  pile,  at  the  orifice  of  a  fistula,  or  in  the 
thickened  eczematous  skin  associated  with  long-standing  jjruritus  ani. 
The  tumour  often  assumes  a  very  warty  form,  and  thus  may  be  mistaken 
for  the  simple  papillomatous  growths  sometimes  occurring  in  the  anal 
region.    Secondary  deposits  are  likely  to  occur  in  the  superficial 


Fig.  149. — Large  ulcerated  carcinoma  at  the  lower  part  of  the 
rectum,  with  a  simple  villous  tumour  at  a  somewhat  higher  level. 

{University  College  Hospital  Musttuii.) 
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inguinal  glands,  and  in  all  cases  subjected  to  operation  tlie  glands 
should  be  removed  from  both  groins. 

Carcinoma  of  the  kidney  and  ureter. — Primary  car- 
cinoma of  the  renal  substance  is  rare.  It  may  assume  a  diffuse 
form  in  which  the  organ,  still  retaining  the  normal  shape,  may 
reach  a  large  size,  or  it  may  present  itself  as  a  localized  tumour  of 
the  Iddney  substance.  In  the  diffuse  variety  the  growth  may  have 
a  tubular  structure,  the  epithelium  being  cubical,  but  in  the  localized 
form  the  structure  is  usually  that  of  carcinoma  simplex.  In  carcinoma 
arising  from  the  calyces  the  tumour,  whilst  infiltrating  the  kidne}^ 
may  show  on  section  cavities  in  its  substance  representing  the  lumiua 
of  the  calyces,  and  in  these  cavities  calculi  may  be  present.  Renal 
carcinoma  sometimes  shows  a  marked  tendency  to  invade  the  lumen 
of  the  renal  vein,  and  thus  may  even  reach  and  distend  the  vena  cava. 
Secondary  deposits  may  occur  in  the  aortic  glands  and  metastases 
by  way  of  the  blood-stream.  |j 

Although  a  cancer  of  the  kidney  may  reach  a  considerable  size 
Avhile  still  retained  within  the  renal  capsule,  the  growth  tends  sooner 
or  later  to  extend  to  the  surroimding  structures,  and  thus,  for  instance, 
the  colon  may  be  involved. 

Carcinoma  occasionally  arises  primarily  in  the  mucous  membrane 
of  the  renal  pelvis  arid  very  rarely  in  the  ureter.  The  growth  may 
present  itself  as  a  thickening  of  the  wall  or  as  a  papillary  growth  pro- 
jecting into  the  lumen.  In  either  form  the  structure  is  usually  that 
of  a  squamous-celled  carcinoma,  although  the  tendency  to  form  cell- 
nests  is  not  well  marked.  As  a  result  of  the  obstruction  caused  by  the 
tumour,  hydroneplirosis  may  occur. 

Carcinoma  of  the  adrenal. — In  addition  to  the  malignant 
hypernephromas  already  described  (p.  439),  the  suprarenal  body  is 
occasionally  the  seat  of  a  carcinomatous  growth  having  the  structure 
of  a  carcinoma  simplex,  and  supposed  to  arise  in  the  medulla  of 
the  gland.  The  tumour  produces  metastases  in  the  lymphatic 
glands  about  the  aorta,  and  may  extend  thence  to  the  posterior 
mediastinum,  and  even  to  the  glands  of  the  neck. 

Carcinoma  of  the  urinary  bladder. — Carcinoma  is  more 
common  than  any  other  form  of  tumour  in  the  bladder.  It  usually 
retains,  to  a  varying  extent,  the  stratified  character  of  the  normal 
epithelium  (Fig.  150),  and  in  some  tumours  cell-nests  are  large  and 
numerous.  Little  is  known  of  any  precancerous  conditions  in  the 
bladder,  but  it  is  interesting  that  the  disease  has  been  observed  in 
aniline  workers,  and  also  that  in  regions  in  which  bilharzial  disease 
is  endemic  carcinoma  of  the  bladder  may  occur  in  conjunction  with  it. 
The  association  of  carcinoma  of  the  bladder  with  calculus  is  very  rare. 

The  tumour  is  met  with  sometimes  as  a  characteristic  carcino- 
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matous  ulcer,  sometimes  as  a  f ungating  mass  projecting  into  the  cavity 
of  the  bladder,  and  sometimes  as  a  papillary  growth  on  an  indurated 
base.  In  the  papillary  form  the  villous  character  is  rarely  so  marked 
as  in  a  simple  papilloma,  but  the  essential  difference  consists  in  the 
extension  of  the  new  growth  into  the  substance  of  the  bladder-wall. 
The  tumour  most  frequently  arises  from  the  base  of  the  bladder, 
usually  near  the  orifices  of  the  ureters.  Secondary  deposits  are  common 


Fig.  150. — Microscopic  section  of  carcinoma  of  urinary  bladder. 


in  the  pelvic  and  lumbar  lymphatic  glands,  but  are  rare  in  the  viscera. 
In  a  case  recorded  by  Godlee  very  perfect  cell-nests  were  found  in 
secondary  nodules  in  the  lung,  which  presented  to  the  naked  eye  the 
appearances  of  a  pneumonic  area. 

Carcinoma  of  the  bladder  usually  proves  fatal  by  causing  a  secondary 
renal  infection. 

Carcinoma  of  the  prostate. — Although  the  prostate  may 
be  invaded  by  a  squamous-celled  carcinoma  originating  in  the  bladder 
or  urethra,  or  by  a  columnar-celled  carcinoma  of  the  rectum,  carcinoma 
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simplex  is  the  only  form  which  occurs  primarily  in  the  gland.  The 
tumour  is  usually  of  the  hard  variety,  and  the  extreme  hardness  and 
irregularity  of  the  gland  are  the  chief  physical  signs  of  the  disease. 
According  to  Thomson  Walker,  the  average  age  at  wliich  symptoms 
first  appear  is  65  years,  and  as  this  is  practically  the  same  as  that  of 
the  simple  enlargement,  the  nature  of  the  disease  is  likely  to  be  over- 
looked until  it  is  very  advanced.  The  softer  forms  of  carcinoma 
are  rare,  and  occasionally  the  growth  undergoes  colloid  degenera- 
tion. Evidence  goes  to  show  that  carcinoma  of  the  prostate  not 
infrequently  arises  in  a  gland  which  is  already  the  seat  of  the  ordinary 
simple  enlargement. 

Thomson  Walker  finds  that  the  growth  tends  to  spread  in  two 
chief  directions — upwards  along  the  base  of  the  bladder,  and  laterally 
towards  the  sides  of  the  pelvis,  obliterating  the  sulcus  which  is  nor- 
mally felt  with  the  finger  on  either  side  of  the  gland.  The  deeply 
seated  position  of  the  growth  and  the  usual  absence  of  ulceration 
serve  to  explain  the  frequent  absence  of  hferaaturia,  as  compared  with 
a  carcinoma  of  the  mucous  membrane  of  the  bladder.  The  most 
frequent  seat  of  secondary  deposits  is  the  iutrapelvic  lymphatic  glands, 
which  may  be  felt  by  rectal  examination.  Walker  states  that  a  gland 
lying  just  beyond  the  prostate,  close  to  the  vesicula  seminalis,  is  fre- 
quently enlarged,  and  also  that  in  16  per  cent,  of  cases  the  inguinal 
glands  are  enlarged  and  hard.  In  a  doubtful  case  an  inguinal  gland 
which  was  removed  was  found  to  contain  a  secondary  deposit  of 
growth. 

Carcinoma  of  the  prostate  is  of  special  interest  on  account  of  the 
frequency  with  which  secondary  deposits  occur  in  the  bones.  Accord- 
ing to  Kauffmann,  osseous  deposits  were  noted  in  14  per  cent,  of 
recorded  cases,  but  among  22  cases  specially  examined  for  sucli  deposits 
they  were  present  in  no  less  than  16.  Von  Recklinghausen  found 
that  the  bones  were  affected  in  the  following  order,  viz.  vertebra?, 
femur,  pelvis,  ribs,  sternum,  humerus,  flat  bones  of  skull,  fibula, 
tibia,  radius,  ulna.  The  secondary  deposits  exhibit  a  marked  tendency 
to  cause  osteoplastic  changes  in  the  bones,  a  peculiarity  wliich  is 
probably  connected  with  the  slow  growth  of  the  primary  and  secondary 
tumours.  Thus,  in  a  case  recorded  by  Thiele,  swellings  over  the  ribs 
had  been  noticed  for  at  least  two  years  before  death.  The  secondary 
tumours  originating  in  the  medulla  may  cause  marked  sclerosis  of  the 
bone,  and  in  those  situations  in  which  the  growth  becomes  subperiostea  1 
by  spreading  through  the  vascular  channels  in  the  bone  new  osseous 
tissue  may  also  form  on  the  surface. 

Blumer,  of  the  Johns  Hopkins  University,  has  drawn  special 
attention  to  the  clinical  interest  of  the  secondary  bone  deposits  of 
prostatic  carcinoma.    The  primary  tumour,  as  in  Thiele's  case  above- 
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mentioned,  may  cause  no  symptoms,  and  the  patient  seeks  advice 
on  account  of  the  secondary  growths.  An  isolated  bone  tumour 
may  thus  be  the  only  recognized  lesion,  and  is  liable  to  be  mistaken 
for  a  primary  sarcoma.  Secondary  deposits  in  the  spine  may  occasion 
spastic  paraplegia,  or  diffuse  deposits  without  obvious  deformity  may 
be  manifested  by  bone  pains  and  spontaneous  fractures. 

Carcinoma  of  the  urethra,  especially  in  the  male,  is  very 
rare.  In  the  male  iirethra,  recorded  cases  show  that  the  bulbous  portion 
is  more  often  afiected  than  the  penile,  and  according  to  Shattock,  who, 
in  1907,  reviewed  the  literature  of  the  subject,  the  growth  is  always 
of  the  squamous-celled  variety.  Normally  the  anterior  part  of  the 
urethra  is  Lined  with  a  stratified  epithelium^  like  that  of  the  glans  ; 
whilst  in  the  bulbous  portion  the  lining  consists  of  columnar  or  sub- 
columnar  cells  succeeded  by  several  layers  of  polymorphous  or  poly- 
hedral cells,  and  a  gradual  transition  occurs  between  this  arrangement 
and  that  present  at  the  meatus.  It  is  therefore  strange,  as  Shattock 
points  out,  that  in  carcinoma  of  the  bulb  a  metaplasia  should  so  con- 
stantly occur  and  the  resulting  growth  be  squamous-celled.  The 
change  may  possibly  result  fj:om  the  long-standing  gonorrhoeal  stricture 
which  usually  precedes  the  development  of  the  growth.  The  disease 
generally  simulates  a  periurethral  inflammatory  induration  in  the 
perineum,  and,  as  in  Marcus  Beck's  case,  recorded  in  1893,  its  true 
nature  may  only  be  revealed  by  a  perineal  incision.  Urethral  fistulse 
are  likely  to  result.  Secondary  growths  in  the  inguinal  glands  appear 
to  be  rare,  but  in  one  recorded  case  there  were  nodules  in  the  lungs. 

Carcinoma  of  the  female  urethra  is  usually  of  the  squamous-celled 
variety,  but  in  two  specimens  in  the  Museum  of  the  Eoyal  College  of 
Surgeons  the  growth  is  a  papilliferous  columnar-celled  carcinoma. 

Carcinoma  of  the  testicle  generally  occurs  as  a  soft 
spheroidal-  or  polyhedral-celled  growth,  often  indistinguishable  except 
by  careful  microscopic  examination  from  a  round-celled  sarcoma,  and 
we  have  already  seen  that  oancer  is  probably  the  more  common  (p.  508). 
The  tumours  wliich  have  been  described  as  columnar-celled  carcinomas 
of  the  testicle  must  probably  be  regarded  as  teratomas  (p.  586).  A 
soft  carcinoma  of  the  testicle  causes  at  first  a  smooth  enlargement  of 
the  organ,  but  later  it  becomes  nodular  as  the  growth  extends  through 
the  timica  albuginea.  Htemorrhagic  extravasations  and  necrotic 
changes  are  common.  Nicholson,  from  a  study  of  the  Guy's  Hospital 
cases,  finds  that  the  average  age  is  43  years.  In  its  extreme  malig- 
nancy and  in  the  frequency  of  secondary  deposits  in  the  abdominal 
lymphatic  glands  the  disease  behaves  in  the  same  way  as  sarcoma 
of  this  organ  (p.  508). 

Carcinoma  of  the  penis  begins  most  commonly  on  the 
surface  of  the  glans,  usually  in  the  region  of  the  corona,  or  on  the 
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inner  surface  of  the  prej^iice,  and  in  structure  resemljles  cancer  arising 
in  other  parts  of  tlie  cutaneous  surface.  It  very  rarely  begins  on  the 
body  of  the  penis,  and  is  of  extreme  rarity  in  the  penile  urethra.  The 
relation  of  the  disease  to  phimosis  is  well  established,  and  is  explained 
]jy  the  changes  which  supervene  in  this  condition  as  the  result  of  want 
of  cleanliness  and  the  retention  of  secretions  beneath  the  tight  prepuce. 
The  changes  in  question  so  closely  resemble  those  that  occur  in  the 
surface  of  the  tongue  in  the  condition  commonly  known  as  leucoplakia 
that  they  need  not  be  described  in  detail.  Thickened  whitish  areas 
on  the  glans,  warty  patches,  and  a  leathery  thickening  of  the  prepuce 
with  fissuring  of  the  orifice  are  the  most  important. 

The  disease,  as  in  other  situations,  is  met  with  in  two  forms,  the 
warty  and  the  ulcerating.  The  importance  of  recognizing  these  is 
great,  for  whilst  the  former  may  be  mistaken  for  the  simple  papillo- 
matous growths  wliich  are  common  on  the  penis,  the  latter  may  in  its 
early  stages  closely  resemble  the  primary  syphilitic  sore.  As  the 
disease  extends,  the  extremity  of  the  penis  may  become  converted 
into  an  irregular  warty  mass,  or  may  be  extensively  destroyed  by  the 
ulceration  of  the  growth.  When,  as  is  often  the  case,  the  growth  is 
hidden  within  the  tight  prepuce,  the  hardness  of  the  part  and  the 
presence  of  a  purulent  discharge  from  the  preputial  orifice  will  generally 
indicate  the  true  nature  of  the  disease.  In  such  a  case  the  prepuce, 
usually  on  its  dorsal  surface,  may  sometimes  become  perforated  by 
ulceration,  and  the  diseased  glans,  protruding  through  the  opening, 
may  cause  a  very  misleading  appearance. 

The  chief  paths  by  which  carcinoma  of  the  penis  involves  the 
lymphatic  glands  have  been  studied  by  Poirier,  Kiittner,  and  others. 
The  glands  most  likely  to  be  involved  are  the  superficial  inguinal  group, 
especiallj^  the  supero-internal  set.  It  is,  however,  possible  for  the 
disease  to  reach  the  glands  within  the  pelvis  directly  by  way  of  the 
lymphatics  passing  through  the  inguinal  and  crural  canals.  Kiittner 
has  recorded  two  cases  of  cancer  of  the  penis  occurring  in  Bruns's. 
clinic  which  illustrate  an  intrapelvic  extension  of  the  disease.  In 
one  of  these,  after  amputation  of  the  penis  and  removal  of  the  glands 
of  the  left  inguinal  region,  there  was  recurrence  in  front  of  the  bladder. 
In  the  second  case,  two  years  after  amputation  of  the  penis  the 
patient  returned  with  oedema  of  the  right  leg  caused  by  a  mass  of 
enlarged  glands  in  the  pelvis  ;  the  inguinal  glands  were  not  involved 
until  six  months  latei'. 

Except  in  very  early  cases  of  carcinoma  of  the  prepuce,  which  may 
be  treated  by  circumcision,  the  penis  should  be  amputated  well  behind 
the  disease.  On  account  of  the  connexion  between  the  lymphatics 
of  the  two  sides  of  the  organ,  the  superficial  inguinal  glands  should 
in  all  cases  be  removed  from  both  groins. 
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Carcinoma  of  the  scrotum,  or  "  cliimney-sweep's  cancer," 
is  probably  the  most  striking  instance  of  the  relation  between  malignant 
disease  and  chronic  irritation.  As  the  result  of  the  prolonged  irritation 
of  soot  the  skin  of  the  scrotum  becomes  harsh,  dry  and  thickened, 
and  the  seat  of  small  warty  excrescences.  It  is  in  the  latter  that  the 
malignant  growth  usually  starts,  the  wart  becoming  gradually  larger 
and  finally  ulcerated.  It  is  an  interesting  fact  that  coal  miners  are  not 
subject  to  the  disease,  possibly  because  coal  dust  is  less  irritating 
than  the  more  finely  powdered  soot,  which  readily  enters  the  pores 
of  the  sldn.  The  irritation  is  evidently  in  some  way  peculiarly  favour- 
able to  the  development  of  cancer,  for  the  disease  has  been  seen  on  the 
hand  of  a  gardener  who  used  soot  for  application  to  the  soil.  It  has 
been  suggested  that  the  arsenic  present  in  soot  is  the  exciting  cause  of 
the  dermatitis,  which  is  strikingly  similar  to  that  caused  by  this  drug, 
and  it  is  interesting  that  in  one  of  the  cases  of  arsenic  cancer  recorded 
by  Hutchinson  the  disease  occurred  on  the  scrotum.  Butlin  found 
that  the  only  satisfactory  explanation  of  the  comparative  immunity 
of  Continental  chimney-sweeps  from  the  disease  is  that  by  the  use  of 
a  protective  costume  they  avoid  the  constant  contact  of  the  part 
with  soot. 

In  connexion  with  this  subject,  it  is  necessary  to  refer  to  Crocker's 
case,  in  which  a  form  of  dermatitis  occurred  on  the  scrotum  and  penis 
evidently  identical  in  nature  with  Paget's  disease  of  the  nipple  and 
areola,  which  is  known  to  be  closely  associated  with  the  development 
of  carcinoma  of  the  breast  (p.  564).  In  Crocker's  case  two  nodules 
in  the  afiected  part  of  the  scrotum  presented  the  structure  of  a 
carcinoma,  arising  probably  in  one  of  the  cutaneous  appendages. 

Carcinoma  of  the  scrotum  tends  to  early  invasion  of  the  super- 
ficial inguinal  glands,  the  free  removal  of  which,  whether  enlarged  or 
not,  must  always  be  regarded  as  an  essential  part  of  the  operative 
treatment.  Unless  the  primary  growth  is  at  some  distance  from  the 
raphe,  the  glands  of  both  gToins  should  be  removed.  Recurrent 
carcinoma  in  the  inguinal  glands  is  particularly  serious  on  account 
of  its  tendency  to  extend  to  those  which  lie  along  the  main  vessels,  and 
to  those  above  Poupart's  ligament. 

In  several  recorded  cases  carcinoma  has  occurred  in  the  groin- 
glands  of  chimney-sweeps  in  whom  no  primary  growth  on  the  scrotum 
could  be  detected,  and  Butlin  has  suggested,  as  the  most  likely 
explanation,  that  a  small  growth  on  the  scrotum,  after  invading  the 
lymphatics,  has  itself  undergone  involution.  A  similar  possible  occur- 
rence in  the  case  of  the  lip  has  already  been  mentioned  (p.  530). 
Closely  allied  to  the  carcinoma  of  the  scrotum  resulting  from  the 
irritation  of  soot  is  that  which  occurs  in  workers  in  pitch  and  paraffin, 
to  which  attention  was  first  called  by  Volkmann  in  1875  (p.  528). 
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Carcinoma  of  the  breast — Although  squamous-celled  carci- 
noma occasionally  arises  in  the  cutaneous  covering  of  the  breast  and 
columnar  carcinoma  may  originate  in  the  ducts,  the  ordinary  form 
of  cancer  of  the  breast  is  the  carcinoma  simplex.  It  is  unnecessary 
to  describe  the  general  histological  character  of  the  tumour,  which 
has  largely  served  as  the  basis  for  the  description  of  carcinoma  simplex 
(p.  514).    It  is,  however,  necessary  to  mention  that  in  their  minute 
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Fig.  151. — Microscopic  section  of  carcinoma  simplex  of  breast 
(hard  variety). 


structure  tumours  of  the  same  macroscopic  appearance  may  diiler 
widely.  The  differences  depend  chiefly  upon  the  extent  to  which 
the  proliferating  epithelium  retains  any  resemblance  to  an  acinous 
arrangement.  Usually  all  such  resemblance  is  lost,  and  the  cancer 
cells  are  arranged  in  irregular  solid  columns  and  masses  (Figs.  127, 
128,  151,  and  152).  Not  uncommonly,  however,  a  distinctly  acinous 
type  is  retained,  and  the  sjjheroidal  cells  are  arranged  in  such  a 
way  as  to  enclose  a  central  lumen  (Fig.  153).  Such  an  arrangement 
is,  however,  often  only  present  in  some  areas,  whilst  elsewhere 
the  characteristic  structure  is  observed.  We  do  not,  therefore, 
think  tha,t  any  useful  purpose  is  served  by  applpng  special  names 
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to  tumours  which  differ  only  in  such  details,  nor  have  we  convinced 
ourselves  that  tumours  presenting  this  somewhat  anomalous  structure 
are  to  be  regarded  as  endotheliomas  and  not  as  true  carcinomas. 

Precancerous  conditions. — In  view  of  the  great  frequency  of 
cancer  of  the  breast,  it  is  not  surprising  that  many  investigators  have 
sought  for  evidence  of  pathological  conditions  in  the  gland  which 


Fig.  152. — Microscopic  section  of  carcinoma  simplex  of  breast 
(soft  variety). 

might  prove  to  stand  in  a  causal  relation  to  the  malignant  growth. 
The  question  chiefly  discussed  has  been  the  relation  between  carcinoma 
and  pre-existing  chronic  mastitis.  Clinical  evidence  on  this  point 
is  not  very  trustworthy,  but  not  infrequently  suggests  that  the  car- 
cinoma has  originated  in  a  part  of  the  gland  already  the  seat  of  changes 
due  to  chronic  inflammation.  In  chronic  mastitis  the  glandidar  epithe- 
lium usually  presents  evidences  of  atrophy  in  no  way  suggestive  of  a 
precancerous  change.  It  is,  however,  not  uncommon  to  find  certain 
enlarged  acini  in  the  indurated  parts  of  the  breast  in  which  the 
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epithelium  sliows  marked  proliferation,  and  though  the  actual  tran- 
sition of  such  a  condition  into  cancer  has  not  been  observed,  it 
seems  very  possible  that  the  epithelial  h}rperplasia  may  take  on  a 
malignant  form  of  growth  more  readily  than  normal  epithelivim 
(Fig:  154).  _  _  _ 

The  possibility  that  in  a  cancerous  breast  the  glandular  epithelium 


Fig.  153. — Microscopic  section  of  carcinoma  of  breast,  in  which 
the  acinous  arrangement  of  the  epithelium  is  retained. 

generally  may  be  in  a  condition  favourable  to  the  malignant  change 
is  one  argument  which  has  led  to  the  universal  practice  of  removing 
the  whole  breast,  however  small  and  peripheral  may  be  the  actual 
tumour  ;  but  recurrences  in  parts  of  the  gland  which  have  escaped 
removal  seem  to  be  much  more  probably  due  to  lymphatic  invasions 
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from  the  primary  growtli  than  to  a  fresh  development  of  carcinoma 
in  the  glandular  epithelium  which  remains. 

The  supervention  of  carcinoma  in  breasts  which  are  already  the 
seat  of  cystic  changes  has  been  observed  so  often  that  it  is  difficult 
to  regard  the  association  as  altogether  accidental. 

The  transformation  of  a  simple  glandular  tumour  into  a  carcinoma 
has  often  been  assumed  on  altogether  insufficient  grounds  to  be  a  not 


Fig.  154. — Microscopic  section  from  a  breast  the  seat  of  carci- 
noma, showing  proliferation  of  the  glandular  epithelium  in  a 
non-cancerous  part  of  the  gland. 

uncommon  occurrence.  We  have  already  stated  our  belief  that  such 
an  origin  of  carcinoma  of  the  breast  remains  unproved,  and  that, 
although  an  adenoma  and  a  carcinoma  may  lie  in  close  apposition, 
there  is  no  recorded  instance  in  which  the  malignant  tumour  has  been 
shown  to  have  arisen  from  the  simple  one  (p.  434). 

There  is,  however,  one  affection  of  the  breast  which  undoubtedly 
stands  in  a  very  close  causal  relation  to  carcinoma.  We  refer 
to  the  peculiar  form  of  chronic  dermatitis  of  the  nipple  and  areola 
first  described  in  1874  by  Paget,  and  which  is  usually  laiown  as 
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Paget's  disease.  The  condition,  although  somewhat  resembling, 
is  essentially  distinct  from  simple  eczema.  Beginning  at  the 
nipple,  the  dermatitis  slowly  spreads  centrifugally  over  the  areola, 
and  even  beyond  it,  so  that  eventually  a  patch  several  inches  in 
diameter  may  result.  The  surface  of  the  sldn  is  red  and  excoriated, 
and  the  seat  of  small  crusts  resulting  from  the  dried  serous  dis- 
charge. Scattered  over  the  reddened  surface  are  often  seen  small 
white  islands  in  which  the  cuticle  has  not  been  entirely  shed.  The 


Fig.  155. — Microscopic  section  of  skin  of  a  breast  affected  with 
Paget's  disease.    The  breast  was  the  seat  of  a  carcinoma. 


sldn  is  slightly  thickened,  and  the  margin  of  the  aii'ected  patch  is 
sharply  defined.  The  nipple,  as  a  rule,  becomes  gradually  retracted, 
and  its  surface  may  be  ulcerated.  The  liistological  changes  fomid  in 
the  aiiected  sldn  and  the  underlying  breast  tissue  have  been  studied 
by  Butlin  and  others.  They  consist  essentially  of  a  proliferation  of  the 
epithelium  and  inflammatory  infiltration  of  the  coriuni  (Fig.  155).  The 
epithelial  prohferation  has  been  traced  along  the  ducts  into  the  glandular 
acini.  Reference  has  already  been  made  to  the  fact  that  Darier  and 
Wickham,  and  subsequently  other  observers,  found  certain  cell  inclusions 
in  the  epithelium  which  were  at  one  time  regarded  as  parasitic  in  nature 
(p.  4C3).  The  intimate  connexion  between  this  form  of  dermatitis 
and  carcinoma  of  the  breast  is  well  showm  by  the  cases  collected  by 
Bowlby  in  1891.  Among  the  36  cases  a  cancer  of  the  breast  was 
present  in  2-j,  and,  although  in  the  remaining  cases  in  wliich  no  tumour 
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was  present  the  disease  had  in  some  instances  been  in  existence  for 
many  years,  it  cannot  be  assumed  that  a  tumour  would  not  eventually 
develop.  The  chronicity  and  intractable  nature  of  the  dermatitis 
are  strildng  features,  so  that  among  the  cases  collected  by  Bowlby 
the  disease  had  existed  in  one  instance  for  twenty  years  without  the 
development  of  a  tumour,  and  in  one  case  of  carcinoma  the  duration 
of  the  dermatitis  before  operation  was  twelve  years.  The  earliest 
age  at  which  the  disease  commenced  was  28  years.  The  tumour 
which  supervenes  upon  Paget's  disease  of  the  nipple  is  almost  invariably 
the  ordinary  form  of  hard  carcinoma,  but  Tliin  was  of  opinion  that  in 
the  cases  examined  by  him  the  growth  originated  in  the  ducts,  and 
other  observers  have  described  a  growth  arising  in  the  cutaneous 
structures  themselves.  In  the  cases  which  we  have  had  the  oppor- 
tunity of  examining  the  growth  has  been  of  the  usual  form. 

In  speaking  of  the  various  precancerous  conditions  related  to 
squamous-celled  carcinoma,  mention  has  been  made  of  other  situations 
in  which  a  dermatitis  apparently  identical  with  Paget's  disease  of  the 
nipple  has  been  observed  ;  for  instance,  the  skin  of  the  neck,  abdominal 
wall,  scrotum,  and  gians  penis.  It  is  interesting  to  note  that  in  a  case 
of  Sheild's,  investigated  by  Rolleston  and  Hunt,  the  dermatitis  of  the 
mammary  region  began  around  the  sinus  left  by  an  abscess  of  the 
breast,  and  the  fungating  growth  which  developed  was  a  squamous- 
celled  carcinoma  of  somewhat  unusual  structure. 

The  most  common  type  of  cancer  of  the  breast  is  the  hard  form 
of  carcinoma  simplex,  and  on  account  of  its  great  frequency  this  has 
largely  served  as  a  basis  for  the  description  of  the  so-called  scirrhous 
carcinoma.  The  tumour  usually  presents  itself  as  a  comparatively 
small,  hard  lump  in  the  substance  of  the  breast,  and  its  macroscopic 
characters  are  best  studied  in  a  section  made  cleanly  through  the 
breast  in  such  a  way  as  to  pass  through  the  nipple  and  the  tumour. 
As  the  laiife  passes  through  the  latter  it  encounters  a  resistant  hardness, 
and  a  peculiar  creaking  or  gritty  sensation  is  felt,  like  that  felt  in 
cutting  through  an  unripe  pear.  The  divided  surface  of  the  tumour 
is  slightly  concave  or  cupped,  and,  if  scraped  with  the  back  of  the 
knife,  pelds  a  milky  juice  consisting  of  epithelial  cells  displaced  from 
the  tumour.  In  colour  the  tumour  is  grey,  and  less  opaque  than  the 
surrounding  tissue,  and  is  often  marked  by  fuie  spots  and  streaks  of  a 
yellowish-white  colour  (Plate  33).  These  are  caused  by  the  larger  columns 
of  epithelial  cells,  and  not,  at  least  solely,  by  the  presence  of  ducts  blocked 
by  proliferated  epithelium,  for  the  same  appearance  is  often  seen  in 
the  secondary  deposits  in  the  lymphatic  glands.  The  tumour  is  thus 
clearly  distinguished  from  the  surrounding  opaque  white  breast  tissue 
or  yellow  fat.  The  margin  of  the  growth  is  well  defined,  although 
inseparably  continuous  with  the  surrounding  tissues  into  which  pointed 
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processes  of  the  tumour  often  extend.  A  marked  feature  of  this  form 
of  carcinoma  is  its  tendency  to  shrink  and  thus  exert  traction  on  the 
surrounding  tissues.  This  is  often  seen,  in  such  a  section  as  is  being 
described,  by  its  effects  on  the  nipple,  the  skin  and  the  pectoral  fascia 
and  muscle.  Unless  the  tumour  is  situated  j^erijiherally,  some  of  the 
larger  ducts  will  be  seen  in  the  section  passing  between  the  growth 
and  the  nipple,  and 
by  traction  on  tliese 
the  nipple  is  gradually 
draAvn  inwards  towards 
the  tumour  so  that 
eventually  it  may  be 
deeply  retracted  be- 
neath the  level  of  the 
skin  (Plate  33).  Simi- 
larly, the  fibrous  bands 
(suspensory  ligaments) 
which  pass  through  the 
subcutaneous  fat  from 
the  breast  to  the  skin 
are  drawn  upon  by  the 
shrinking  tumour,  so 
that  at  first  the  skin  is 
loosely  held  to  the  sur- 
face of  the  latter,  whilst 
later  it  becomes  per- 
manently dimpled  or 
puckered,  and  fuially 
adherent  to  the  growth 
beneath  it  (Plate  33). 
Examination  of  the 
deep  surface  of  the 
tumour  will  frequently 
show  that  the  fascia 
covering  this  aspect  of 
the  breast  is  adherent 
to  the  growth,  and  at  a  later  stage  the  superficial  fibres  of  the  pec- 
toral muscle  are  adherent,  or  even  drawn  into  its  substance  (Plate 
33).  Tliis  adhesion  of  the  tumour  to  the  fascia  and  muscle  is  recog- 
nized clinically  by  the  diminished  mobility  of  the  breast  caused  by 
voluntary  contraction  of  the  muscle.  Another  striking  result  of  the 
shrinkage  caused  by  a  hard  carcinoma  in  the  substance  of  the 
is  that  the  whole  gland  often  becomes  less  pendulous  and  the 
occupies  a  higher  position  than  the  opposite  one  (Fig.  1.56). 


Fig. 


156. — Carcinoma  of  breast,  showing  results 
of  the  shrinking  of  a  hard  tumour. 
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In  extreme  cases  of  atropliic  carcinoma  the  tumour  may  be  scarcely 
palpable,  but  even  then  the  shrinldng  of  the  breast,  the  deep  retraction 
of  the  nipple,  and  the  puckering  of  the  skin  afford  an  unmistakable 
clinical  picture. 

The  invasion  of  the  skin,  and  the  subsequent  ulceration  of  the 
tumour  begin  by  increasing  adhesion  of  the  skin  to  the  surface  of  the 
tumour.  The  sldn  thus  becomes  thickened  and  coarse-looking,  and 
then  a  patch  of  dusky,  reddish  discoloration  slowly  appears  in  the 
centre  of  the  adherent  area.  At  a  later  stage  a  small,  dry  crust  forms, 
and  on  separating  this  a  superficial  ulcer  is  exposed  which  gradually 
extends  until  it  assumes  the  features  wliich  characterize  the  typical 
carcinomatous  ulcer,  as  already  described  (p.  519).  In  this  way  a 
huge  foul  mass  of  fungating  growth  may  eventually  involve  a  large 
part  of  the  front  of  the  chest  (Fig.  157).  When  ulceration  occurs 
in  a  typical  atrophic  carcinoma  the  appearance  produced  may  be 
most  striking — a  small  ulcer  firmly  adherent  to  the  chest  wall  being 
surrounded  by  deep  radiating  puckers  in  the  sldn,  whilst  the  breast 
itself  has  entirely  disappeared.  Such  a  growth  may  pursue  a  course 
extending  over  many  years  and  be  attended  with  strildngly  little 
impairment  of  the  general  health. 

The  clinical  features  of  a  nodular  cancer  of  the  breast  may  be 
markedly  modified  by  alterations  in  the  sldn  covering  the  gland,  as 
the  result  of  lymphatic  invasion.  Occasionally  the  sldn  over  the 
whole  breast  presents  a  condition  of  solid  oedema  mthout  discoloration. 
Tiiis  is  a  serious  sign,  and  indicates  a  widely  spread  lymphatic  per- 
meation, even  though  the  palpable  tumour  is  small  and  circumscribed. 
Fig.  107  shows  the  presence  of  a  column  of  cancer  cells  in  a  lymphatic 
of  the  skin  in  a  case  of  this  kind.  In  other  cases  multiple  nodules  o 
growth  are  present  in  the  sldn  of  the  mammary  region,  or  the  sldn 
over  a  considerable  part  of  the  chest  may  be  transformed  into  a  dense 
indurated  layer,  constituting  the  condition  sometimes  called  scirrhus 
en  cuirasse.  In  advanced  cases  of  breast  cancer  the  obstruction  may 
involve  the  lymphatics  draining  the  upper  limb.  The  whole  limb 
may  thus  become  enormously  enlarged  by  a  peculiarly  dense  brawny 
form  of  oedema,  producing  a  very  distressing  condition  kno\\T.i  as  the 
"  brawny  arm  of  cancer." 

The  mode  and  routes  of  the  lymphatic  invasion  of  cancer  of  the 
breast  have  been  very  fully  studied  by  many  observers  not  only  in 
their  bearing  upon  the  operative  treatment  of  the  disease,  but  also 
in  relation  to  the  general  subject  of  the  spread  of  carcinoma.  The 
lymphatics  of  the  mammary  gland  join  for  the  most  part  in  a  plexus 
beneath  the  areola  from  which  the  large  efferent  vessels  pass  to  the 
axilla,  chiefly  to  glands  which  lie  on  the  inner  wall  of  the  upper  part 
of  the  space.    Although  these  glands  are  usually  the  first  to  be  invaded 
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by  the  growth,  none  of  the  axillary  glands  are  exempt,  and  those  which 
lie  along  the  great  vessels,  as  well  as  those  on  the  posterior  wall,  are 
often  involved,  so  that  it  is  essential  that  in  every  complete  operation 
the  tissue  filling  the  whole  space  should  be  removed  as  thoroughly  as 
possible.    Of  the  lymphatics  passing  in  other  directions  may  be  men- 


Fig.  157. — Ulcerating  carcinoma  of  breast. 

tioned  those  which  have  been  fomid  to  enter  directly  the  glands  lying 
on  the  axillary  vessels  immediately  below  the  clavicle,  others  passing 
through  the  intercostal  spaces  to  the  internal  mammary  chain  of 
glands,  and  lastly,  lymphatics  from  the  inner  border  of  the  breast 
have  been  demonstrated  to  pass  to  the  axilla  of  the  opposite  side. 
These  are  all  important  in  relation  to  tlie  spread  of  cancer  of  the  breast, 
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and  serve  to  explain,  for  example,  cases  in  which  the  disease  involves 
the  glands  in  the  posterior  triangle  independently  of  the  axillary  glands, 
and  also  those  very  rare  instances  in  which  a  carcinoma  of  one  breast 
causes  secondary  deposits  in  the  glands  of  the  opposite  axilla. 

In  1889,  Heidenhain  published  some  very  important  observations 
on  the  mode  of  spread  of  carcinoma  of  the  breast  in  relation  to  local 
recurrence  of  the  disease  after  operation.  He  showed  that  in  cases 
of  nodular  carcinoma,  even  in  the  early  stages,  it  was  often  possible 
to  demonstrate  small  deposits  of  growth  in  the  lymphatics  of  the 
fascia  over  the  pectoralis  major,  and  further  proved  that  this  fascia 
could  only  be  completely  removed  by  taking  away  the  superficial 
layer  at  least  of  the  muscle  itself. 

The  complete  removal  of  the  gland  in  all  cases  is  now  universally 
considered  to  be  essential,  on  the  gromid  that  unless  this  is  done  deposits 
of  the  growth  may  be  left  in  the  lymphatics  of  the  remaining  portion. 
The  importance  of  this  was  emphasized,  especially  by  Stiles  of  Edin- 
burgh, in  his  important  work  on  the  subject.  Again,  the  complete 
removal  of  the  breast  involves  the  removal  also  of  the  sldn  covering 
the  gland,  for,  especially  where  the  suspensory  ligaments  pass  from 
the  surface  of  the  breast  to  the  skin,  the  breast  tissue  runs  up  so  close 
to  the  latter,  that  if  flaps  are  turned  from  the  breast  small  portions 
of  the  superficial  part  of  the  gland  are  certain  to  escape  removal. 
Lastly,  it  will  be  recalled  that  Sampson  Handley's  observations  suggest 
that  the  disease  is  especially  liable  to  spread  to  the  abdominal  cavity 
by  way  of  the  fascial  structures  of  the  epigastrium.  These  various 
considerations  serve  to  indicate  the  extensive  nature  of  the  operation 
which  should  be  performed  for  even  an  early  localized  carcinomatous 
tumour  of  the  breast.  The  parts  removed  should  include  the  whole 
breast,  with  the  sldn  covering  it,  the  sternal  and  costal  portions  of 
the  pectoralis  major,  the  pectoralis  minor,  the  fascial  structures  as 
low  as  the  epigastrium,  and  the  fat,  cellular  tissue  and  lymphatic 
glands  of  the  axilla.  The  removal  of  the  pectoral  muscles  not  only 
ensures  the  complete  excision  of  the  pectoral  fascia,  but  also,  by  giving 
free  access  to  the  highest  part  of  the  axilla,  enables  the  operator  to 
deal  freely  with  the  subclavicular  glands  which  lie  on  the  first  part 
of  the  axillary  vein.  The  removal  of  both  muscles  also  ensures  the 
removal  of  infected  glands  which  sometimes  lie  between  the  muscles. 
These  glands  lie  in  the  position  of  the  superior  thoracic  artery,  and  have 
been  shown  by  Rotter  to  be  very  liable  to  invasion  by  way  of  lymphatic 
vessels  which  pass  from  the  breast  through  the  large  pectoral  muscle. 

The  most  important  variations  in  the  hard  form  of  carcinoma  of 
the  breast  are  dependent  chiefly  upon  variations  in  the  nature  and 
extent  of  the  invasion  of  the  surrounding  lymphatics  by  the  growth. 

Diffuse  hard  carcinoma  differs  from  the  more  common  nodular 
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form  in  the  absence  of  a  definite  circumscribed  tumour  and  the  presence 
of  an  ill-defmed  hardness  involving  a  considerable  part  or  even  tlie 
whole  of  the  breast.  In  some  instances  the  affected  breast  is  shrunken, 
the  nipple  deeply  retracted,  and  the  skin  puckered  and  adherent, 
whilst  in  other  cases  the  gland  is  enlarged  and  conical,  and  the  nipple 
and  skin  are  less  altered.  Such  differences  are  dependent  upon  the 
different  degrees  of  atrophy  manifested  by  the  tumour. 

In  explanation  of  the  origin  of  a  diffuse  carcinoma  it  may  be  assumed 
■either  that  a  considerable  part  of  the  glandular  epithelium  undergoes 
a  carcinomatous  change,  and  that  the  tumour  is  from  the  first  diffuse, 
or  that  the  disease  originating  at  one  spot  rapidly  spreads  throughout 
the  gland  by  way  of  the  lymphatics.  We  believe  the  latter  is  the 
usual,  if  not  the  invariable,  course  of  events.  Microscopic  examination 
usually  demonstrates  the  presence  of  the  glandular  elements  amongst 
the  columns  of  cancer  cells,  and  does  not  support  the  view  that  the 
glandular  epithelium  over  a  wide  area  is  becoming  converted  into 
cancer. 

Cancer  of  both  breasts  is  very  rare,  if  those  cases  are  excepted  in 
which  in  the  late  stages  of  dissemination  one  or  more  nodules  develop 
in  the  breast  opposite  to  that  in  which  the  primary  tumour  originated. 
In  cases  in  which  carcinoma  is  detected  simultaneously  in  both  breasts 
a  similar  question  arises  as  in  diffuse  carcinoma  of  one  breast :  Is  the 
disease  a  primary  development  in  both  glands,  or  is  the  disease  in  the 
one  the  result  of  lymjohatic  permeation  from  a  primary  tumour  in 
the  other  ?  Probably  both  explanations  hold  good,  but  in  view  of  the 
fact  that  all  paired  organs  show  some  tendency  to  the  bilateral  develop- 
ment of  malignant  growths  and  that  in  some  cases  of  this  kind  no  other 
secondary  deposits  are  found,  we  believe  that  carcinoma  may  occur 
primarily  in  both  breasts,  and  that  if  on  each  side  the  disease  is  favour- 
able for  operation  the  double  operation  should  be  performed. 

Soft  carcinoma  of  the  breast  is  not  common,  and  is  rarely  so  soft 
as  to  justify  the  name  encephaloid."  Tumours  of  the  breast,  as  of 
other  parts  which  are  brain-like  in  consistence,  prove  as  a  rule  to  be 
sarcomas  and  not  carcinomas.  The  soft  form  of  cancer  usually  occui-s 
as  a  more  or  less  globular  tumour  in  the  substance  of  the  breast.  The 
various  effects  observed  as  the  result  of  the  contraction  of  a  hard,  shrink 
ing  carcinoma,  especially  upon  the  slcin,  nipple,  and  pectoral  muscle,  are 
usually  absent  or  but  slightly  marked  in  the  softer  forms  of  the  disease. 
The  tumour  tends  to  increase  rapidly,  causing  early  implication  of  the 
skin  and  invasion  of  the  lymphatic  glands.  The  diagnosis  between 
soft  carcinoma  and  true  sarcoma  of  the  breast  may  be  impossible 
except  by  careful  histological  examination,  and  the  clinical  resemblance 
to  other  soft  swellings,  such  as  cysts  containing  papillomatous  growths, 
may  be  very  close.    When  in  doubt  as  to  whether  a  soft  malignant 
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tumour  of  the  breast  is  a  carcinoma  or  a  sarcoma,  the  surgeon  will  be 
wise  to  perform  the  complete  operation,  even  though  a  somewhat  less 
extensive  procedure  would  be  justified  if  the  tumour  were  known  to  be 
a  sarcoma. 

The  soft  form  of  carcinoma  of  the  breast  sometimes,  especially 
in  J'oung  women,  assumes  a  diffuse  and  particularly  malignant  form, 
which,  on  account  of  its  resemblance  to  an  inflammatory  affection 
of  the  gland,  has  been  known  as  "  brawny  cancer  "  or  "  carcinomatous 
mastitis."  The  whole  breast  is  enlarged,  tender  and  hot,  and  the 
overlying  sldn  reddened  and  oedematous,  or  it  presents  the  peculiar 
"  peau  d'orange  "  appearance.  In  a  case  of  this  kind  which  came 
under  our  notice  the  patient  was  only  22  years  of  age,  and  the 
disease  had  only  been  noticed  for  a  few  weeks.  In  the  belief  that 
the  enlargement  of  the  breast  was  due  to  an  abscess,  an  incision  had 
been  made  into  it.  The  breast  was  removed,  but  recurrence  rapidly 
followed  and  proved  fatal. 

Some  of  the  most  malignant  examples  of  this  form  of  cancer  are  met 
with  during  pregnancy  and  lactation,  the  disease  either  arising  during 
these  periods,  or  a  slowly  growing  tumour,  already  present,  assuming 
the  characters  of  the  more  malignant  type.  Marmaduke  Sheild  has 
collected  numerous  cases  of  this  nature,  one  of  the  most  striking  being 
that  recorded  by  Billroth,  in  which  the  disease  developed  in  both  breasi  s 
five  weeks  before  parturition,  death  occurring  a  week  afterwards  with 
universally  distributed  secondary  deposits. 

The  malignancy  of  this  form  of  'cancer  was  strildngly  illustrated 
by  a  case  under  the  care  of  Rose  Bradford  in  University  College  Hospital: 
The  woman,  aged  39,  was  admitted  during  lactation  on  account  of 
cough  and  slight  fever.  There  was  slight  impairment  of  resonance, 
with  scattered  rales,  at  the  bases  of  both  lungs.  As  the  breasts 
diminished  in  size  with  the  cessation  of  lactation  it  was  noticed  that 
the  left  remained  larger  and  harder  than  the  right.  Rapid  emaciation 
occurred,  and  the  patient  died  eighteen  days  after  her  admission  into 
the  hospital.  The  left  breast  was  the  seat  of  a  diffuse  carcinoma,  and 
there  were  secondary  deposits  in  the  lungs  and  liver  and  in  the  axillary, 
mediastinal,  and  abdominal  lymphatic  glands. 

Colloid  carcinoma  occurs  in  the  breast  as  a  modification  of  the 
ordinary  undifferentiated  form,  but  is  not  common  (Fig.  158).  The 
colloid  change  may  affect  only  part  of  the  tumour  without  modifying 
its  clinical  features,  and  is  only  detected  in  a  section  of  the  growth 
by  the  presence  of  areas  presenting  a  fine  reticulum,  the  meshes  of  which 
are  filled  with  yellowish  jelly-like  substance.  When,  however,  the 
colloid  change  is  more  marked,  the  tumour,  which  is  sometimes  of  slow 
growth,  is  usually  rounded  or  lobulated,  and  moderately  soft  in  consist- 
ence.   It  shows  little  tendency  to  contraction,  and  in  exceptional 
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cases  may  form  a  prominent  elevation  of  the  skin  of  a  slightly  bluish 
tint,  and  somewhat  resembling  a  cyst.  The  secondary  growths  may 
or  may  not  present  a  similar  degeneration.  Altliough  the  malignancy 
of  a  carcinoma  is  probably  diminished  by  colloid  changes  in  the  cancer 
cells,  the  removal  of  the  disease  should  be  canied  out  on  the  same  lines 
as  those  adopted  in  the  ordinary  forms  of  the  disease.  We  have  our- 
selves seen  a  case  in  which  a  t}'pical  colloid  carcinoma  of  the  breast 
was  associated  with  a  widespread  invasion  of  the  surrounding  lymphatics 
with  undegenerated  cancer  cells.    Kelly  and  D'Este  Emery  have 


Fig.  158. — Microscopic  section  of  colloid  carcinoma  of  breast.  The 
alveoli  are  occupied  partly  by  colloid  material  and  partly  by  the 
undegenerated  remains  of  the  cancer  cells. 

recorded  a  very  remarkable  case  of  carcnioma  of  the  breast  in  which 
certain  local  recurrent  growths  and  metastases  exhibited  advanced 
colloid  degeneration.  The  primary  tumour  Avas  regarded  as  a  simple 
duct  papilloma  (Univ.  Coll.  Hosp.  Mus.,  No.  2311),  but  subsequent 
examination  revealed  the  presence  of  a  t}q)ical  spheroidal-celled  growth 
in  the  tissue  aromid  the  cyst.  Recurrent  growths  which  were  removed 
six  and  seven  years  after  the  first  operation  presented  marked  colloid 
change.  Death  occurred  seven  and  a  half  years  after  the  removal  of  the 
primary  tumour,  and  secondary  deposits  were  found  in  the  sternum, 
skull,  lungs,  and  liver.  In  the  lungs  and  the  sternum  the  groAvths 
were  colloid,  but  m  the  skull  and  the  liver  the  deposit  presented  the 
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usual  characters  of  carcinoma  simplex.  The  deposit  in  the  skull  had 
destroyed  a  large  area  of  the  right  half  of  the  frontal  bone,  the  opening 
being  occupied  by  a  thin  membrane,  and  the  only  evidence  of  growth 
being  found  in  the  bone  immediately  surrounding  the  aperture. 

Metastases  are  extremely  common  in  carcinoma  simplex  of 
the  breast,  and  the  most  common  sites  of  the  secondary  growths, 
other  than  the  lymphatic  glands,  are  the  liver,  the  lungs,  and  the 
bones.  Among  735  post-mortem  examinations  tabulated  by  Stephen 
Paget,  the  liver  was  affected  in  241,  and  the  Imigs  or  pleura  in  70. 
Paget  found  that  the  ovaries  were  involved  in  37  cases,  an  interesting 
fact  to  which  allusion  has  already  been  made  in  discussing  Sampson 
Handley's  views  on  the  subject  of  dissemination  of  cancer  of  the  breast 
(p.  4()2).  The  frequency  of  deposits  in  the  bones  is  a  feature  shared 
by  cancer  of  the  breast  with  similar  disease  in  the  thyroid  gland  and 
prostrate,  and  this  subject  has  also  been  already  briefly  considered 
(p.  522).  From  the  statistics  of  the  Middlesex  Hospital,  Handley  finds 
that  the  frequency  with  which  the  individual  bones  are  affected  is — 
sternum,  ribs,  femur,  spine,  cranial  bones,  humerus,  clavicle,  whereas 
among  the  329  cases  tabulated,  the  scapula,  tibia,  patella,  and  bones 
of  the  hand  were  each  only  once  affected,  and  the  hip-bone,  radius, 
ulna,  fibula,  and  bones  of  the  foot  were  in  no  instance  involved.  As 
Handley  points  out,  certain  fallacies  occur  in  such  statistics,  on  account 
of  the  incomplete  examination  usually  made  of  the  skeleton  at  post- 
mortem examinations.  Deposits  are  thus  likely  to  be  overlooked. 
especially  in  bones  in  which  spontaneous  fracture  does  not  attract 
attention  to  the  disease.  It  is,  indeed,  probable  that  the  spine  is  more 
liable  to  secondary  deposits  than  this  list  would  indicate,  and  according 
to  von  Recklinghausen  the  order  of  frequency  is — spine,  ribs,  sternum, 
femur,  and  humerus. 

The  clinical  importance  of  the  metastases  in  breast  cancer  is  depen- 
dent on  the  fact  that  they  may  occasion  symptoms  of  an  obscure  nature 
even  at  an  early  stage  of  the  disease,  when  the  existence  of  a  tumour 
of  the  breast  is  unsuspected.  Osier  has  drawn  special  attention  to 
this  aspect  of  the  disease,  and  has  pointed  out  that  the  symptoms 
resulting  from  a  secondary  deposit  may  be  such  as  to  mislead  the 
physician.  Osier  mentions,  amongst  others,  the  case  of  a  powerfully 
built  man  who,  after  suffering  for  some  months  with  symptoms  of 
disease  of  the  spinal  cord,  was  admitted  to  the  Johns  Hopkins  Hospital 
with  paraplegia.  The  symptoms  proved  to  be  the  result  of  deposits 
of  growth  in  the  spine  secondary  to  a  carcinoma  of  the  right  breast. 
Similarly  the  secondary  deposits  in  the  thorax  may  occasion  pleurisy 
of  doubtful  origin,  or  symptoms  of  mediastinal  tumour,  even  when 
the  tumour  of  the  breast  is  so  small  as  to  be  either  overlooked  or  dis- 
regarded.   Murray,  of  Manchester,  in  association  with  one  of  us,  has 
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recorded  a  case  iu  wliich  the  nature  of  certain  paralyses  and  muscular 
atrophies  in  the  upper  limbs  was  altogether  obscure  until  a  small 
tumour,  having  the  characters  of  a  carcinoma,  was  accidentally  dis- 
covered in  the  breast.  The  nervous  phenomena  were  subsequently 
proved  to  be  caused  by  a  secondary  growth  in  the  cervical  spine 
involving  certain  nerve  roots. 

Columnar-celled  carcinoma  of  the  breast  is  rare,  and  is  usually 
known  as  "  duct  cancer  "  or  '"  villous  cancer."    In  view  of  the  tendency 


Fig.  159. — Microscopic  section  of  columnar-celled  carcinoma  of  breast. 

of  a  carcinonu^  originating  in  colunmar  epithelium  to  revert  to  an 
undifferentiated  form  we  do  not  believe  that  cancers  arising  from  the 
acinous  epithelium  can  be  definitely  separated  fi'om  those  arising 
in  the  epithelium  of  the  larger  ducts,  but  in  certain  carcinomas  of  the 
breast  the  columnar  form  of  cell  is  so  strikingly  preserved  as  to  seem 
clearly  to  indicate  tlieir  origin  from  the  ducts  (Fig.  1.59).    The  name 
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"villous  cancer,"  first  used  by  Cornil  and  Ranvier,  is  only  of  limited 
applicability,  for  all  columnar-celled  carcinomas  of  tlie  breast  do  not 
exliibit  a  papillary  structure.  The  simple  duct  papilloma  of  the  breast 
•has  already  been  described  (p.  453),  and  from  this  benign  growth  the 
villous  cancer  is  distinguished  by  the  fact  that,  instead  of  remaining  as  a 
papillomatous  growth  in  the  interior  of  the  duct,  the  growth  originating 
in  the  duct  epithelium  infiltrates  the  surrounding  tissues  in  the  form  of 
spaces  filled  with  villous  processes  covered  with  columnar  cells.  We 
cannot  but  conclude  that  considerable  confusion  has  arisen  between 
these  two  forms  of  growth,  and  that  to  a  certain  extent  an  exagger- 
ated idea  of  the  comparatively  low  malignancy  of  columnar-celled 
carcinomas  of  the  breast  has  resulted  from  including  with  them 
certain  simple  duct  papillomas. 

A  typical  columnar-celled  carcinoma  usually  occurs  in  the  central 
part  of  the  breast  as  a  comparatively  soft  tumour  intimately  connected 
with  the  breast  tissue,  and  exhibiting  little  evidence  of  traction  upon 
the  surrounding  tissues.  A  blood-stained  discharge  from  the  nipple 
may  be  present,  and  sometimes  the  tumour  is  definitely  cystic.  There 
is  no  doubt,  even  allowing  for  the  probable  fallacy  above  mentioned, 
that  the  maUgnancy  of  columnar-celled  carcinoma  is  less  than  that  of 
the  common  form  of  cancer  of  the  breast,  and  metastases  are  quite 
exceptional.  Godlee  has  recorded  a  case  in  wliich  secondary  deposits 
were  present  in  the  axillary  glands,  and  Shattock  one  in  which,  although 
the  structure  of  the  breast  tumour  was  not  Imown,  a  metastasis  in  a 
rib  presented  the  typical  structure  of  columnar- celled  carcinoma. 

Carcinoma  of  the  male  breast,  although  of  special  interest  on  account 
of  its  comparative  rarity,  presents  no  anatomical  peculiarities  to  which 
reference  need  be  made  here. 

Carcinoma  of  the  uterus  is  much  more  common  in  the 
cervix  than  in  the  body.  In  the  cervix  it  may  begin  in  the  vaginal 
portion  or  in  the  canal.  When  beginning  in  the  vaginal  portion  it 
often  presents  the  characteristic  structure  of  the  squamous  variety, 
and  when  arising  in  the  epithelium  of  the  cervical  glands  it  may  retain 
the  columnar  type,  but  in  neither  case  is  the  character  of  the  epithelium 
always  preserved  in  the  tumour  cells,  so  that  the  structure  is  sometimes 
that  of  carcinoma  simplex ;  thus,  except  in  its  earliest  stages,  its 
exact  origin  may  be  doubtful.  In  some  forms  of  cancer  of  the  cervical 
glands  the  cells  lining  the  spaces  retain  a  very  regular  form  and 
arrangement,  and  show  none  of  the  usual  heaping-up  and  proliferation 
of  the  columnar  epithelium,  and  the  histological  resemblance  to  a 
simple  adenoma  is,  therefore,  so  close  that  the  recognition  of  its  malig- 
nant nature  by  the  examination  of  a  scraping  can  hardly  be  made. 
A  tumour  of  tliis  structure  is  sometimes  called  a  malignant  adenoma 
(Fig.  160). 
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Carcinoma  of  the  vaginal  portion  occurs  either  as  an  ulcer  or  as  a 
warty  growth  ;  as  it  increases  it  tends  to  spread  around  the  cervix, 
causing  a  considerable  mass,  and  extending  to  the  vaginal  fornix 
rather  than  into  the  cervical  canal.  Thence  it  may  spread  to  the  base 
of  the  broad  ligaments,  and  to  the  iliac  and  sacral  glands. 

Carcinoma  of  the  canal  of  the  cervix  may  for  a  considerable  time 
remain  confined  to  the  interior,  and  the  os  show  little  change,  although 


Fig.  160. — Microscopic  section  of  columnar-celled  carcinoma  of 
cervix  of  uterus  (malignant  adenoma). 

{I  'roin  ,1  oisr  itndL'r  the  care  of  II.  K ! S/'Liucr.) 

later  it  may  become  involved  in  the  growth  and  ulcerated.  The 
growth  rarely  extends  to  the  body  of  the  uterus,  but,  like  a  tumour 
beginning  in  the  vaginal  portion,  spreads  into  the  parametrium  and 
causes  similar  glandular  invasion.  The  growth  is  more  malignant 
than  cancer  of  the  vaginal  portion,  and  shows  a  greater  tendency  to 
cause  metastases,  especially  in  the  lungs,  viscera,  and  bones. 

A  carcinoma  of  the  vaginal  portion  usually  presents  itself  in  its 
earliest  stage  as  an  induration  of  one  lip  of  the  os  wth  a  warty  or 
superficially  ulcerated  surface,  whilst  in  a  growth  beginning  in  the 
2  L 
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canal  the  os  is  at  first  unchanged.  Finally,  however,  in  both  varieties 
of  the  disease  the  whole  of  the  vaginal  portion  of  the  cervix  may  be 
destroyed  by  ulceration,  so  that  the  origin  of  the  disease  cannot  be 
determined  either  by  its  clinical  or  its  microscopic  features.  When  the 
pelvic  tissues  are  involved,  the  pressure  on  the  ureters  and  resulting 
hydronephrosis  may  be  the  cause  of  death,  or  the  disease  may  spread 
to  the  bladder  or  rectum,  sometimes  causing  fistulous  communications. 

Carcinoma  of  the  body  of  the  uterus  is  much  rarer  than  carcinoma  of 
the  cervix.  It  arises  in  the  epithelium  of  the  uterine  glands,  and  in 
the  typical  form  the  cells  retain  the  colunmar  shape,  but  more  often 
this  is  more  or  less  completely  lost  and  the  growth  has  the  structure 
of  carcinoma  simplex.  The  tumour  usually  presents  itself  as  a  soft, 
white,  spongy  growth  projecting  from  some  part  of  the  inner  surface 
of  the  uterus.  It  tends  to  spread,  so  that  eventually  it  may  involve 
a  considerable  part  of  the  uterine  wall  as  a  thickening  of  the  lining. 
In  section  the  growth  is  seen  to  be  invading  the  muscle,  but  a  sharp 
line  usually  distinguishes  the  two,  and  even  in  the  later  stages  the  outer 
part  of  the  muscular  wall  and  its  serous  covering  remain  intact,  so  that, 
although  considerably  enlarged,  the  uterus  may  still  retain  its  normal 
shape.  Ultimately,  however,  the  growth  may  form  bosses  on  the 
peritoneal  surface,  and,  extending  to  the  parametrium,  causes  extensive 
adhesions  and  nodules  on  the  adjacent  peritoneum.  Secondary  deposits 
in  the  lumbar  glands  are  exceptional,  but  deposits  may  be  found  in 
the  ovaries  ;  metastases  are  rare. 

The  proliferation  of  the  uterine  glands  met  with  in  cases  of  glandular 
endometritis  or  hypertrophy  may  produce  appearances  very  difficult 
to  distinguish  liistologically  from  carcinoma.  Carcinomas  of  the  body 
of  the  uterus  in  which  the  cells  are  of  the  squamous  form  have  been 
described,  and  are  supposed  to  arise  in  the  surface  epithelium  after  it 
has  undergone  squamous  metaplasia. 

Chorion-epithelioma  Although  the  rare  malignant  tumour 

known  by  this  name  is  not  altogether  confined  in  its  origin  to  the  uterus, 
tliis  is  the  most  convenient  place  to  notice  it.  It  is  a  special  form  of 
carcinoma  which  originates  in  the  epithelium  of  the  coverings  of  the 
embryo  or  foetus.  The  tumour  most  frequently  arises  from  the  placental 
villi,  but  may  develop  after  abortion  in  the  early  stages  of  the  develop- 
ment of  the  ovum.  Chorion-epithelioma  thus  usually  occurs  as  a 
tumour  of  the  uterus,  but  it  has  been  met  with  in  the  Fallopian  tube 
in  cases  of  tubal  gestation,  and  is  stated  to  have  arisen  occasionally 
as  a  primary  growth  in  the  wall  of  the  vagina,  possibly  from  the 
implantation  of  a  fragment  of  a  chorionic  villus.  Rarely  the  tumour 
has  been  observed  to  arise  in  connexion  with  teratomas  of  the  ovary, 
mediastinum,  and  testis,  presumably  in  cells  homologous  with  the 
surface  epithelium  of  the  foetal  membranes. 
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In  its  relation  to  pregnancy,  the  development  of  the  tumour  varies, 
occurring  sometimes  after  abortion,  during  pregnancy,  shortly  after 
parturition,  or  even  a  year  or  more  subsequently.  In  one  half  of 
the  recorded  cases  hydatidiform  mole  has  j^i'eceded  the  development 
of  the  tumour,  and  it  is  of  interest  that  in  this  affection  proliferation 
of  the  epithelium  of  the  chorionic  villi  also  occurs. 

When  fully  developed  a  chorion-epithelioma  of  the  uterus  forms  a 
soft,  blood-coloured,  flattened  mass  on  the  inner  surface,  or  may  appear 
as  a  more  prominent  fungating  or  lobulated  tumour  occuppng  the 
placental  site  (Fig.  161).  As  the  tumour  increases  it  spreads  in  the  wall 
of  the  uterus,  distending  the  cavity,  and  possibly  projecting  into  the 
cervical  canal.  On  section,  it  presents  the  appearance  of  blood-clot,  of 
which  indeed  the  mass  is  largely  composed,  but  at  the  growing  edge 
of  the  tumour  in  the  wall  of  the  uterus  yellowish-grey  areas  are  seen 
in  which  the  tumour  substance  is  free  from  ha?morrhage.  Finally,  the 
growth  may  reach  the  serous  surface  of  the  uterus,  where  it  forms 
smooth,  rounded  projections  in  which  the  ha?morrhagic  appearance 
of  the  tumour  is  visible. 

Microscopic  features. — In  many  parts  a  chorion-epithelioma 
shows  under  the  microscope  little  more  than  blood  and  necrosed  tissue, 
in  which  no  definite  structure  is  recognizable.  Usually  in  certain  areas 
of  the  tumour  and  in  a  narrow  zone  at  the  growing  margin  a  typical 
and  very  characteristic  structure  can  be  observed  (Fig.  162),  consisting 
of  the  following  elements  :  1.  Plasmodial  masses  of  deeply  staining 
protoplasm  (syncytium),  in  which  no  indications  of  cell  boundaries 
can  be  recognized,  but  which  contain  large  numbers  of  irregulai'ly 
scattered  or  more  closely  aggregated  nuclei.  In  some  parts  the  proto- 
plasmic masses,  instead  of  being  continuous,  are  vacuolated  by  large, 
rounded,  oval,  or  irregular  spaces,  producing  the  appearance  of  a  large- 
mesh  network  of  protoplasmic  strands.  2.  Filling  the  spaces  in  the 
Plasmodium  are  masses  of  small,  rounded  or  polygonal  cells  of  very 
uniform  appearance.  The  cells  are  closely  packed,  have  a  very  distinct 
dark  boundary  line,  a  clear  non-granular  protoplasm,  and  a  deeply 
staining  nucleus.  3.  A  large  intermixture  of  blood  and  blood-clot. 
Rarely,  in  parts  of  a  tumour  the  structure  of  a  hydatidiform  mole  is 
reproduced,  the  cells  being  arranged  so  as  to  give  rise  to  a  vesicular 
structure.  This  occurs  not  only  in  uterine  tumours,  but  also  in  those 
occurring  in  other  situations,  such  as  the  testis. 

Of  the  two  epithelial  layers  of  tlie  chorionic  villus,  the  outer  or 
syncytial  layer  gives  rise  to  the  plasmodial  masses,  whilst  the  deep  or 
Langhans"  layer  is  represented  by  the  masses  of  small,  clear  cells. 

In  some  cases,  especially  in  the  metastatic  growths,  the  structure 
is  less  typical  than  that  above  described.  Thus,  the  plasmodial  masses 
may  be  imperfectly  formed,  consisting  either  of  isolated  masses  of  non- 
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Fig.  161. — Uterus  and  vagina  laid  open  to  display  a  chorion-epitheliome 
of  body  of  uterus  and  a  secondary  deposit  in  vaginal  wall. 

{Fiviii  a  case  under  tlu  can  of  C.  F.  Blacker.) 

vacuolated  protoplasm  containing  two  or  three  nuclei,  or  being  replaced 
by  large  angular  cells  with  deeply  staining  protoplasm  and  nucleus. 
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The  tumour  cells  are  markedly  attracted  towards  the  veins  of  the 
tissue  which  thej'  infiltrate,  and  often  form  a  layer  beneath  the  endo- 
thelium, or  a  comjDlete  tube  around  it.  As  a  result  of  destruction  of 
the  endothelium,  blood  passes  fi-eely  into  the  tumour  substance,  breaking 
up  the  growth  and  causing  extensive  necrosis.  The  regional  lymphatic 
glands  are  liable  to  invasion,  and  secondary  deposits  are  also  common 
in  the  vagina  (Fig.  161)  and  vulva. 


Fig.  162. — Microscopic  section  of  a  chorion-epithelioma  of  uterus, 
showing  Plasmodia!  masses  with  vacuoles  containing  nucleated 
cells  with  clear  protoplasm. 


Owing  to  the  extension  of  tlie  tumour  cells  into  the  veins,  metastases 
by  way  of  the  blood-stream  are  very  frequent.  They  are  most  common 
in  the  lungs,  but  have  also  been  met  with  in  other  parts  such  as  the 
brain,  kidneys,  and  subcutaneous  tissue.  In  these  parts  the  metastases 
form  rounded  nodules,  usually  varying  in  size  from  a  pea  to  a  walnut, 
and  on  section  present  a  marljled  red  and  yellowish-grey  appearance 
owing  to  the  presence  of  hai-morrhages.  It  is  stated  that  after  removal 
of  the  primary  tumour  the  metastases  have  occasionally  retrogressed 
and  disappeared.  In  cases  of  chorion-epithelioma  the  ovaries  have 
usually  been  found  to  be  somewhat  enlarged  o^\^ng  to  the  abundant 
production  of  lutein  tissue,  taking  the  form  of  luteal  cysts. 

Carcinoma  of  the  ovary  is  not  unconnnon,  and  may 
probably  originate  in  the  germinal  epithelium  or  in  the  epithelium 
of  a  Graafian  follicle.    Histologically  the  tumour  may  present  alveoli 
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lined  with  cubical  or  columnar  cells  or  masses  of  cells,  or  it  may  have 
the  structure  of  carcinoma  simplex.  Macroscopically  it  may  occur 
as  a  soft,  solid  tumour,  sometimes  of  large  size,  smooth  or  slightly 
lobulated,  and  often  retaining  the  form  of  the  ovary.  In  other  cases 
the  tumour  may  present  itself  as  a  multilocular  cyst,  which  to  the 
naked  eye  presents  no  evidence  of  malignancy,  or  in  which,  on 
section,  solid  masses  are  seen  between  the  cysts  or  in  their  walls, 
or  projecting  into  the  cysts  so  as  partly  or  completely  to  fill  them. 
The  solid  growths  may  rupture  through  the  cyst  wall,  and  appear 
as  outgrowths  on  the  surface  of  the  cystic  tumour.  Carcinoma  of 
the  ovary,  in  either  the  solid  or  the  cystic  form,  is  sometimes  bilateral. 
Secondary  deposits  in  the  pelvic  lymphatic  glands  and  peritoneum 
and  metastases  elsewhere  may  occur.  It  is  very  important  to  re- 
member, as  has  already  been  pointed  out,  that  secondary  carcinoma 
of  the  ovaries,  sometimes  bilateral,  is  not  very  uncommon,  especially 
when  the  primary  growth  is  situated  in  the  breast,  stomach,  or 
other  abdominal  viscera.  Bland-Sutton,  who  doubts  the  existence 
of  primary  cancer  of  the  ovaries,  has  called  especial  attention  to  the 
fact  that  sometimes  the  existence  of  the  primary  growth  may  be 
overlooked  and  the  secondary  deposit  in  the  ovary  regarded  as  primary. 
The  same  observer  has  also  pointed  out  that  secondary  carcinoma 
ma}'-  occur  in  an  ovary  which  is  already  cystic. 

Carcinoma  of  the  Fallopian  tube  is  rare  and  usually 
occurs  as  a  fungating  mass  distending  the  tube. 

Carcinoma  of  the  vagina  is  not  common.  It  generally 
assumes  the  squamous-celled  form,  and  may  commence  as  a  warty 
growth  or  ulcer.  In  advanced  cases  the  disease  may  extend  to  the 
rectum  or  bladder  and  fistulous  communications  result. 

Carcinoma  of  the  vulva  is  not  very  frequent,  and  presents  no 
features  requiring  special  description.  It  is  very  constantly  associated 
with  a  precancerous  condition  of  the  part,  which  was  first  described 
by  Morris,  who  pointed  out  its  similarity  to  the  corresponding  condition 
of  the  tongue.  This  condition  is  known  as  "  leucoplakic  vulvitis." 
Comyns  Berkeley  and  Victor  Bonney  have  carefully  described  the 
affection  and  the  histological  changes  present  in  its  different  stages. 
The  whole  of  the  vulva,  with  the  exception  of  the  vestibule  and  urethral 
orifice,  is  liable  to  be  involved,  and  the  changes  may  even  spread  to 
the  folds  of  the  thighs  and  to  the  perineum.  The  affected  parts,  at 
first  red,  swollen,  and  excoriated,  next  become  white,  shrunken,  and 
thickened,  and  later  the  seat  of  cracks  and  ulcers.  Finally,  unless 
carcinoma  has  supervened,  the  whole  vulva  becomes  smooth,  shiny 
and  white,  the  labia  minora  and  clitoris  practically  disappear,  and 
the  disease  becomes  quiescent.  It  is  from  the  ulcers  and  fissures  that 
carcinoma  is  especially  liable  to  arise,  but  it  may  develop  at  an  early 
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stage  from  the  enlarged  and  branched  interpapillary  processes  of  the 
epithehum.  Berkeley  and  Bonney  state  that  in  every  case  of  car- 
cinoma of  the  vulva  which  they  have  seen,  leucoplakic  vulvitis  has 
been  present.  The  same  observers  point  out  that  the  condition  known 
as  kraurosis  vulva?,  wliich  is  characterized  by  an  atropliic  condition 
of  the  vulva,  with  stenosis  of  the  vaginal  orifice,  is  an  essentially 
different  affection,  and  stands  in  no  causal  relation  to  carcinoma. 

Multiple  carcinomas  of  the  vulva  have  already  been  mentioned  as 
a  possible  example  of  auto-inoculation,  and  the  view  expressed  that 
such  growths  are  more  probably  due  to  independent  developments 
in  a  part  already  in  a  precancerous  condition.  The  lymphatic  glands 
liable  to  be  involved  by  the  disease  belong  to  the  superficial  inguinal 
group. 

Operative  treatment  should  include  the  removal  not  only  of  the 
actual  growth,  but  also  of  those  parts  presenting  the  precancerous 
changes,  and  also  the  glands,  whether  enlarged  or  not,  of  both  groins. 

MIXED  TUMOURS 
TERATOMA 

Already  in  considering  the  different  varieties  of  tumours  we  have 
seen  that  in  many  instances  more  than  one  form  of  tissue  enters  into 
their  structure,  and  that  not  only  may  different  forms  of  connective 
tissue  occur,  as,  for  instance,  in  such  growths  as  angio-lipoma  and 
chondro-sarcoma,  but  even  epithelial  and  connective-tissue  elements 
may  be  associated,  as  in  the  papillomas  and  adenomas.  There  remain, 
however,  certain  tumours,  frequently  of  a  more  complex  structure,  and 
containing  different  tissues  often  higlily  differentiated  and  irregularly 
arranged,  which  require  separate  consideration.  Among  such  tumours 
the  most  complex  are  characterized  by  the  fact  that  the  component 
tissues  are  so  arranged  as  to  produce  a  more  or  less  striking  resemblance 
to  definite  fcetal  structures,  whilst  other  tumours  occur  which  are 
clearly  of  a  similar  nature  but  in  which  tlie  component  tissues  j^resent 
no  tendency  to  be  grouped  in  such  a  way.  Tumours  of  the  first  variety 
are  sometimes  called  teratomas,  and  those  of  the  second  variety  teratoid, 
but  it  seems  more  convenient  to  apply  the  name  teratoma  to  the 
whole  group.  It  is  a  feature  common  to  all  members  of  this  class 
that  tissues  derived  from  all  the  three  layers  of  the  blastoderm 
are  present,  although  one  or  another  layer  may  be  chiefly  repre- 
sented. Mixed  tumours  of  this  nature  are  supposed  to  arise  in  one 
of  the  following  ways  : — 

1.  In  cases  of  partial  or  complete  duphcation  of  the  embryonic 
area  it  is  supposed  that  one  portion  may  continue  its  normal  process 


584 


TUMOURS 


of  development  into  an  individual,  whilst  tlie  other  portion  fails  to 
undergo  immediate  development,  and,  becoming  included  within  the 
body  of  the  former,  subsequently  gives  rise  to  a  mixed  tumour  (foetal 
inclusion).  According  to  this  view  the  process  is  closely  allied  to  that 
by  which  the  various  forms  of  double  monster  are  produced,  but  in 
this  case  the  part  of  the  divided  embryonic  area,  which  in  the  other 
instance  forms  the  tumour,  develops  into  an  attached  individual  or 
part  of  an  individual. 

2.  Another  possible  mode  of  formation,  which  can,  however,  only 
be  applied  to  tumours  of  the  ovary  and  testicle,  is  that  they  arise  by 
the  spontaneous  development  of  a  germinal  cell.  Among  the  various 
views  which  have  been  advanced  in  this  connexion  is  that  which 
supposes  the  process  to  be  analogous  to  parthenogenesis  (the  develop- 
ment of  an  unfertilized  ovum)  as  observed  in  some  of  the  lower 
animals,  whilst  Shattock  suggests  that  a  tumour  may  result  from  an 
ovum  fertilized  by  a  spermatozoon  included  in  the  ovary  during  the 
process  of  its  development. 

3.  During  the  segmentation  of  the  ovum  after  fertilization  it  is 
supposed  that  one  of  the  blastomeres  may  become  displaced,  and 
that,  remaining  included  in  some  part  of  the  body,  it  develops 
subsequently  into  a  tumour. 

4.  Lastly,  it  is  probable  that  mixed  tumours  may  in  some  instances 
arise  as  a  result  of  local  developmental  errors,  such  as  duplication  or 
the  delayed  growth  of  a  portion  of  undifferentiated  tissue  in  situations 
where  the  different  blastodermic  layers  come  into  juxtaposition.  Thus, 
duplication  of  the  mandible  has  been  supposed  to  accomit  for  certain 
tumours  in  the  neck,  whilst  it  is  possible  that  some  mixed  tumours  of 
the  testicle  may  arise  in  tissue  which  has  become  embedded  in  the 
organ  during  the  early  stages  of  its  development  and  brought  down 
with  it  during  its  descent. 

From  what  has  been  said,  it  is  evident  that  mixed  tumours  of  this 
class  must  differ  very  widely  in  their  clinical  characters  and  in  their 
structm'e.  It  is  thus  impossible  to  give  any  general  description  of 
them,  and  it  must  suffice  to  describe  the  chief  characters  which  they 
present  in  the  most  important  situations  in  which  they  occur.  It  may, 
however,  be  mentioned  that  although  in  many  instances  they  behave 
as  benign  growths,  it  is  not  rare,  especially  in  certain  situations,  to 
find  a  tumour  evidently  of  this  nature  exhibiting  evidences  of  malig- 
nancy. Such  a  malignant  change  may  occur  in  the  epithelial  or  in 
the  connective-tissue  elements,  and  thus  the  resulting  growth  may 
behave  as  a  carcinoma  or  as  a  sarcoma,  whilst  occasionally  the  extensions 
of  the  growth  reproduce  to  a  varying  extent  the  complex  structure  of 
the  primary  tumour. 

Teratoma  of  the  ovary  usually  occurs  as  the  well-known 
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"  ovarian  dermoid.'^  In  its  most  simple  form  this  consists  of  a  cyst 
lined  with  skin,  furnished  with  hairs  and  other  cutaneous  appendages 
such  as  sebaceous  glands,  and  filled  with  fatty  material,  often  con- 
taining cliolesterin.  In  its  most  complex  form  the  ovarian  dermoid 
consists  of  a  simple  skin-lined  cyst  from  the  inner  surface  of  which 
projects  a  complicated  mass  having  sometimes  a  close  resemblance  to 
a  foetus.  Between  these  two  extremes  every  gradation  occurs,  the 
most  common  being  that  in  which,  a  prominent  nipple-like  projection 
is  present,  bearing  hairs  on  its  surface,  and  various  tissues,  such  as 
bone,  cartilage,  teeth,  epithelial  tubes,  or  nerve  elements,  in  its  sub- 
stance. These  tumours  never  attain  the  enormous  proportions  of 
the  ovarian  cyst-adenoma.  They  are  most  common  in  early  adult 
life,  but  have  been  found  in  children  even  as  early  as  the  third 
year.  The  tumours  may  be  bilateral,  and  more  than  one  may  be 
present  in  the  same  ovary,  and,  like  other  ovarian  cysts,  they  are 
liable  to  torsion  of  the  pedicle.  Occasionally  an  ovarian  dermoid 
acquires  secondary  attachments  to  some  other  part,  such  as  the 
omentum,  so  that  its  true  origin  is  rendered  obscure.  A  malignant 
change  in  an  ovarian  dermoid  is  usually  evidenced  by  the  presence  of 
a  warty  mass  on  its  inner  surface. 

Closely  allied  to,  but  much  more  rare  than,  the  ovarian  dermoid 
are  certain  solid  tumours  of  the  ovary  which  usually,  if  not  always, 
pursue  a  malignant  course  and  are  described  as  "  malignant  embryonia." 
In  one  of  two  cases  of  this  nature  recorded  by  Targett  and  Hicks,  the 
tumour,  which  had  undergone  torsion  of  the  pedicle,  was  removed 
by  operation  from  a  girl  aged  1-i  years.  Five  months  later  a  large 
recurrent  growth  was  present  in  the  left  iliac  fossa,  and  sessile  and 
pedunculated  growths  were  studded  over  the  intestines  and  omentum. 
Ascites  was  present,  and  recurred  after  repeated  tappings,  and  death 
occurred  seven  months  after  the  first  operation.  The  peritoneal 
growths  were  very  extensive,  and  some  of  the  masses  had  jjrobably 
originated  in  the  retroperitoneal  glands.  The  primary  and  secondary 
growths  presented  on  microscopic  examination  tubules  and  cysts 
lined  Avith  columnar  or  stratified  epithelium,  nodules  of  cartilage  and 
bone,  epithelial  pearls,  and  a  stroma  of  fibrous,  muscular  and  fatty 
tissues,  with  groups  of  ganglion  cells,  but  no  resemblance  to  any  definite 
organ  could  be  traced.  Among  the  thirteen  recorded  cases  collected 
by  Targett  and  Hicks,  eleven  were  undoubtedly  malignant,  and  of 
these  nine  died  within  a  year.  The  ages  varied  between  fi  and  -30 
years.  The  metastases  are  chiefly  in  the  peritoneum  and  retroperi- 
toneal glands,  whilst  in  the  viscera  they  are  rare.  In  some  cases,  as 
in  that  above  described,  the  secondary  deposits  have  the  same  complex 
structure  as  the  primary  tumour,  but  in  others  they  present  the 
structure  of  a  small  round-celled  sarcoma. 
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Teratoma  of  the  testicle — In  the  testicle,  as  in  the 
ovary,  two  forms  of  teratoma  occur,  the  dermoid,  and  the  soUd  tumour 
of  composite  structure,  in  which  cysts  are  almost  invariably  recognizable 
even  with  the  naked  eye  ;  but  whereas  in  the  ovary  the  dermoid  is 
much  more  common  than  the  solid  form,  in  the  testicle  the  reverse 
is  the  case  and  dermoids  are  extremely  rare.  On  accoimt  of  the  com- 
plex structure  of  the  solid  teratomas  they  have  received  many  different 
names,  such  as  cystic  disease  of  the  testicle,  adenoma  testis,  chondro- 
sarcoma, and  columnar  carcinoma.  A  consideration  of  the  structure 
of  these  tumours  readily  explains  how  such  a  complicated  nomen- 
clature has  arisen,  and  it  is  better  to  include  them  all  under  the  general 
name  "  teratoma  "  rather  than  to  name  each  specimen  according  to 
its  naked-eye  or  histological  features. 

The  solid  teratoma  or  embryoma  presents  itself  clinically,  usually 
in  young  adults,  as  a  tumour  causing  an  apparently  uniform  en- 
largement of  the  testicle,  or,  if  the  cystic  formation  is  marked,  the 
tumour  may  be  lobulated  and  in  parts  elastic.  Dissection  shows  that 
the  tumour  is  contained  within  the  tunica  albuginea,  and  between  the 
two  it  is  sometimes  possible  to  demonstrate  the  testicular  substance 
spread  out  in  a  thin  layer,  whilst  the  epididymis  can  sometimes  be 
recognized  behind  the  tumour.  The  tumour  itself  presents  on  section 
differences  dependent  chiefly  on  the  extent  of  the  cystic  formation. 
Sometimes  it  is  a  soft  solid  growth  in  which  minute  cysts  are  visible  ; 
sometimes  it  has  the  appearance  of  a  coarse  sponge-work  ;  or  a  few 
large  cysts  may  be  associated  with  a  varying  amount  of  solid  sub- 
stance. In  the  latter,  gelatinous  areas  are  sometimes  visible,  and 
cartilage  may  be  present  in  the  form  of  white  or  greyish  nodules. 
Occasionally  the  cysts  contain  intracystic  growths. 

Among  the  elements  most  easily  demonstrated  microscopically  in 
these  mixed  tumours  are  the  connective-tissue  stroma,  which  varies 
widely  in  its  character  and  often  contains  cartilage,  and  spaces  lined 
with  cubical  or  columnar  epithelium.  Other  elements  can,  however, 
always  be  found,  and  Nicholson,  who  has  recorded  the  results  of  his 
examination  of  sixteen  specimens,  most  of  which  are  in  the  Museum 
of  Guy's  Hospital,  has  been  able  to  show  that  derivatives  of  all  the 
three  layers  of  the  blastoderm  are  present.  The  epiblast  is  repre- 
sented by  tubules  lined  with  stratified  epithelium  and  epithelial  pearls  ; 
the  mesoblast  by  the  connective  tissue,  often  with  cartilage,  some- 
times with  muscle  or  even  bone  ;  and  the  hypoblast  by  the  columnar 
or  cubical  epithelium,  which  is  often  arranged  in  the  shape  of  villi 
and  surrounded  by  unstriped  muscle  (Fig.  163).  The  origin  of  these 
tumours  has  been  the  source  of  much  discussion  and  must  be  regarded 
as  still  uncertain.  After  reviewing  the  various  theories,  Nicholson 
concludes  that  the  most  probable  explanation  is  that  first  suggested 
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by  Wilms,  who  supposes  that  they  arise  in  the  reproductive  cells  them- 
selves, by  a  process  analogous  to  partliogenesis.  Although  the  solid 
teratoma  of  the  testicle  may  pursue  a  benign  course,  it  occasionally, 
like  the  corresponding  tumour  of  the  ovary,  undergoes  a  malignant 
change,  and  may  thus  j^robably  beliave  as  a  carcinoma  or  as  a  sarcoma. 
In  a  case  recorded  by  Horsley  in  the  Transactions  of  the  Pathological 


Fig.  Microscopic  section  of  teratoma  of  testicle,  showing  con- 

nective-tissue stroma  containing  cartilage  and  spaces  lined  with 
columnar  and  cubical  epithelium,  and  two  masses  of  stratified 
epithelium. 


Society,  the  secondary  tumours  in  the  lungs  and  liver  were  purely 
sarcomatous,  although  the  primary  growth  in  the  testicle  contained 
spaces  lined  with  columnar  epithelium. 

As  an  example  of  a  teratoma  of  the  testicle  producing  metastases 
of  complex  structure  may  be  mentioned  the  classical  case  described 
by  Paget  in  1855  as  a  malignant  enchondroma,  in  which  the 
cartilaginous  growth  reached  the  vena  cava  by  way  of  the  spermatic 
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veins  and  caused  metastases  on  the  lungs.  Subsequent  examination 
of  the  specimens  from  this  case  led  Kanthack  and  Pigg  to  regard  it  as 
a  columnar-celled  carcinoma  with  cartilaginous  formation  in  the  stroma, 
but  still  more  recently  the  discovery  of  epithelial  pearls  in  certain  of 
the  nodules  of  growth  by  Nicholson  seems  to  complete  the  evidence 
that  the  tumour  is  in  reality  a  teratoma.  The-  metastases  in  the  lungs 
containing  cartilage  and  spaces  lined  with  columnar  epithelium  must 
be  regarded  rather  as  the  result  of  the  transplantation  of  fragments 
of  the  growth  which  reached  the  interior  of  the  vena  cava  than  as  an 
evidence  of  any  true  malignant  change  in  the  cells  of  the  tumour. 

In  rare  instances  a  tumour  having  in  part  the  structure  of  chorion- 
epithelioma  (p.  578)  occurs  in  the  testicle.  Such  a  tumoiir,  as  first 
pointed  out  by  Schlagenhaufer,  must  be  regarded  as  a  teratoma  in 
which  the  chorion-epitheliomatous  growth  has  arisen  from  the  epiblast. 
In  a  specimen  of  this  nature  which  we  have  examined  the  tumour 
contained,  in  addition  to  s}Ticytial  tissue,  islands  of  hyaline  cartilage 
and  tubules  lined  with  cylindrical  epithelium.  The  presence  of  this 
modification  in  the  structure  of  a  testicular  teratoma  is  likely  to  be 
associated  with  extensive  htemorrhagic  extravasations,  which  may, 
to  a  large  extent,  obscure  the  nature  of  the  growth.  In  more  than 
one  recorded  case  the  tumour  has  contained  villi  resembling  those  of 
a  vesicular  mole.  These  tumours  are  usually  very  malignant  and  tend 
to  cause  metastases  through  the  blood-stream.  Among  four  cases 
described  by  Nicholson,  there  were  metastases  in  the  lungs  and  brain 
in  one,  in  the  abdomen  in  another,  and  in  the  liver,  abdominal  glands, 
and  lungs  in  a  third. 

Dermoids  (cystic  embryomas)  of  the  testicle  are  very  rare,  and 
are  distinguished  from  simple  dermoid  cysts  of  the  scrotum  by  the  fact 
that  they  are  contained  within  the  tunica  albuginea.  As  in  the  ovarian 
dermoid,  a  process  of  complex  structure  may  project  into  the  cyst. 
In  a  tumour  of  the  testicle  recently  described  by  Barrington,  a  dermoid 
cyst,  lined  with  stratified  epithelium  and  provided  with  sebaceous  and 
sweat-glands,  was  associated  with  a  solid  tumour  having  the  histological 
structure  of  a  carcinoma  with  columnar  and  irregular  cell  elements. 
It  is  probable  that  in  this  case  the  carcinomatous  growth  originated 
in  the  hypoblastic  elements  of  a  teratoma,  the  epiblastic  element  of 
wliich  was  represented  by  the  dermoid  cyst. 

Teratomas  of  the  cranium  and  spine  are  classified  by 
Borst  according  as  they  are  or  are  not  associated  with  crania  or  spina 
bifida.  In  the  cranium  they  have  been  met  with  on  the  convexity  or 
at  the  base.  As  an  example  of  the  extraordinary  features  which  such 
a  tumour  may  present  at  the  base  of  the  skull  may  be  mentioned  the 
specimen  described  by  Breslau  and  Rindfleisch,  and  cited  by  Borst, 
in  which  a  pedunculated  tumour  projecting  into  the  pharjmx  was 
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connected  through  a  hole  in  the  floor  of  tlie  sella  turcica  with  an  intra- 
cranial tumour  which  presented  seven  rudimentary  limb-like  pro- 
jections, and  contained,  amongst  other  structures,  cartilage,  bone, 
muscle,  nerve,  intestine,  and  renal  tissue. 

In  connexion  with  the  spine,  teratoma  is  chiefly  met  with  at  the 
lower  extremity  as  the  congenital  sacro-coccygeal  tumour.  This 
is  usually  situated  on  the  anterior  aspect  of  the  sacrum  and  coccyx, 
between  them  and  the  rectum.    It  may  reach  a  large  size  and  project 


Fig.  104. — Microscopic  section  of  part  of  a  teratoma  of  the  spinal 
column,  showing  a  branching  space  lined  with  columnar  epi- 
thelium and  surrounded  by  unstriped  muscular  tissue. 

downwards  between  the  lower  extremities.  Tlio  tumour  is  usually 
partly  cystic  and  partly  solid. 

Among  the  histological  elements  found  in  such  tumours  may  be 
mentioned  various  forms  of  connective  tissue,  often  including  cartilage, 
and  spaces  lined  with  columnar  or,  less  commonlj-,  stratified  epithelium. 
In  view  of  the  complex  structure  of  these  tumours  and  the  fact 
that  derivatives  of  all  the  three  blastodermic  layers  may  be  present, 
it  is  probable  that  they  are  rightly  regarded  as  teratomas.  It  must, 
however,  be  mentioned  that  this  view  is  not  generally  accepted, 
different  pathologists  having  assigned  their  origin  to  the  neurenteric 
canal,  postanal  gut,  or  Luschka's  coccygeal  gland. 

Morley  Fletcher  and  Waring  have  recorded  a  case  of  sacro-coccygeal 
tumour  which  exhibited  malignancy.    The  tumour  was  removed  from 
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a  child  2  years  of  age,  who  died  with  extensive  recurrence  in  the 
pelvis  three  and  a  half  months  after  the  operation.  There  were  also 
masses  of  growth  in  the  lumbar  and  iliac  glands.  The  primary  tumour 
was  partly  cystic  and  partly  solid.  The  cysts  were  lined  with  columnar 
epithelium,  and  the  solid  part  of  the  growth,  as  well  as  the  deposits' 
in  the  glands,  had  the  structure  of  an  "  adeno-carcinoma." 

Closely  allied  to  the  congenital  sacro-coccygeal  tumours  are  the 
dermoid  cysts  which  have  occasionally  been  foimd  between  the  sacrum 
and  the  rectum. 

Teratomas  of  other  parts  of  the  spine  are  exceedingly  rare.  We 
have  described  a  specimen  in  the  Proceedings  of  the  Royal  Society  of 
Medicine,  in  which  a  large  teratoma,  situated  behind  the  peritoneum 
in  the  left  renal  region,  was  very  intimately  connected  with  the  spinal 
cohimn,  and  actually  projected  into  the  spinal  canal  (Fig.  164). 

Teratoma  of  the  thorax — A  considerable  number  of  cases 
are  on  record  in  which  a  teratoma,  usually  in  the  form  of  a  dermoid 
cyst,  has  been  present  in  the  thorax,  the  tumour  being  situated  in 
the  mediastinum,  Imig,  or  pericardium.  The  effects  which  may  result 
from  such  a  tumour  are  illustrated  by  Godlee's  well-lmown  case,  in 
which  a  right-sided  pleurisy,  followed  by  empyema,  was  the  first 
striking  evidence  of  serious  disease.  Later  the  empyema  ruptured 
into  a  bronchus,  and  as  in  other  recorded  cases,  hairs  were  present  in 
the  expectoration.  By  operation  a  cavity  filled  with  hair  and  fatty 
material  was  opened  ;  the  cavity  was  lined  with  skin,  and  three  fleshy 
masses  bearing  hairs  on  their  surface  projected  into  it.  The  cavity 
remained  open,  and  the  patient  died  about  three  years  later  of  some 
septic  complication. 

In  a  case  recorded  by  Ritchie  a  mediastinal  teratoma  occurring 
in  the  male  presented  in  part  the  structure  of  chorion-epithelioma, 
and  nodules  which  were  present  in  the  lungs  showed  the  same 
structure. 

Teratoma  of  the  abdomen. — Apart  from  the  teratomas 
which  originate  in  the  genital  organs  and  those  occurring  in  the  retro- 
peritoneal tissue,  tumours  of  a  similar  nature  and  probably  arising 
from  fcetal  inclusion  have  been  described  in  various  parts  of  the 
abdominal  cavity,  such  as  the  region  of  the  liver,  the  transverse 
mesocolon,  and  beneath  the  diaphragm. 

Teratoma  of  the  neck — A  congenital  tumour  is  occasionally 
met  with  in  the  neck  which  closely  resembles  the  sacro-coccygeal 
tumours  above  described.  Of  four  specimens  in  the  Museum  of  the 
Royal  College  of  Surgeons,  three  are  median,  but  in  the  fourth  a 
tumour  extends  from  the  left  side  of  the  neck  upwards  under  the 
ascending  ramus  of  the  jaw,  causing  great  deformity  and  compressing 
the  brain.    According  to  Keith,  in  none  of  these  four  specimens  can 
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any  trace  of  the  thyroid  gland  be  found.  Microscopically  these  tumours 
consist  of  cysts  lined  with  columnar  epithelium,  lymphoid  tissue,  and 
islands  of  cartilage.  As  Keith  says,  "  How  the  thyroid  body  of  the 
foetus  comes  to  assume  such  a  structure  and  size  is  an  enigma." 

CYSTS 

Under  this  heading  it  is  convenient  to  bring  together  various  patho- 
logical formations  which,  although  differing  widely  in  their  nature, 
agree  in  the  fact  that  they  consist  of  a  collection  of  fluid  surrounded 
by  a  wall  of  connective  tissue  which  may  or  may  not  be  lined  with 
epithelium  or  endothelium.  Localized  collections  of  fluid,  due  to 
pathological  causes,  are  so  common  that  it  is  difficult  to  frame  a  satis- 
factory definition  which  shall  distinguish  cysts  from  other  collection«, 
and  the  distinction  is  largely  an  arbitrary  one.  Certain  conditions 
can  readily  be  excluded,  such  as  (1)  natural  spaces  distended  with 
fluid,  e.g.  a  hydrocele  of  the  tunica  vaginalis,  a  distended  bursa,  or  a 
tubo-ovarian  cyst  ;  (2)  hollow  organs  distended  by  excretions  or 
secretions,  such  as  hydronephrosis,  or  a  distended  gall-bladder  ;  and 
(3)  cysts  present  in  tumours,  and  (a)  resulting  from  various  accidental 
conditions,  such  as  hpemorrhage  or  degeneration,  or  {h)  occurring  as 
an  essential  feature  of  the  growth,  as  in  the  cystic  adenoma  of  the 
breast.  A  true  cyst  usually  presents  itself  as  a  definite  localized 
"  tumour,"  and  is  often  capable  of  being  removed  intact  from  the 
tissues  in  which  it  lies. 

According  to  their  mode  of  origin  cysts  can  most  conveniently  be 
classified  as  follows  : — 

1.  Glandular  retention  cysts. 

2.  Exudation  cysts. 

3.  Cysts  arising  in  rudimentary  structures  or  tissue  inclusions. 

4.  Parasitic  cysts. 

1.  Glandular  retention  cysts. — Cysts  resulting  from  reten- 
tion of  secretions,  often  more  or  less  modified,  are  liable  to  form  in 
all  glands,  and  are  met  with  in  the  breast,  pancreas,  salivary  glands, 
ovary,  kidney,  and  liver.  Such  special  glandular  cysts  will  be  con- 
sidered in  connexion  with  other  diseases  of  the  organs  in  which  they 
occur.  Two  varieties  may,  however,  be  conveniently  described  here — 
those  arising  in  the  sebaceous  glands  and  mucous  glands  respectively. 

Sebaceous  or  atheromatous  cysts  occur  in  all  situations  in 
which  sebaceous  glands  are  normally  present.  They  are,  however, 
most  common  on  the  scalp  and  face,  are  not  rare  on  the  neck, 
shoulders  and  back,  buttocks,  scrotum  and  penis,  but  are  seldom  met 
with  on  the  limbs.  They  are  frequently  multiple,  and  vary  in  size, 
but  rarely  exceed  that  of  a  large  orange.    A  sebaceous  cyst  possesses 
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a  fibrous  wall  lined  with  one  or  more  layers  of  flattened  epithelium,  in 
which,  however,  no  Malpighian  layer  or  papillse  can  be  recognized. 
The  contents  usually  consist  of  a  soft  porridge-like  material,  but 
occasionally  they  are  thin  and  milky,  whilst  in  some  cysts  they  form 
laminated  layers  almost  horny  in  consistence.  Examined  micro- 
scopically, the  contents  show  epithelial  debris,  fatty  granules,  and 
cholesterin  crystals. 

Although  it  is  certain  that  sebaceous  cysts  usually  arise  from 
distension  of  a  sebaceous  gland,  it  is  probable  that  some  may  originate 
as  outgrowths  from  the  hair- follicles. 

A  sebaceous  cyst  forms  a  globular  tumour  situated  immediately 
beneath  the  skin.  The  consistence  varies  with  the  character  of  the 
contents  ;  it  is  usually  doughy,  and  may  pit  on  pressure,  but  it  may 
be  elastic  or  hard.  Occasionally  the  orifice  of  the  duct  of  the  gland 
from  which  the  cyst  originated  can  be  seen  in  the  skin  as  a  small 
depression  or  black  spot,  and  at  this  point  the  skin  is  intimately  con- 
nected with  the  cyst  wall.  Sometimes  the  sebaceous  material  can 
be  squeezed  from  the  orifice  of  the  duct.  Over  a  large  cyst  the  skin 
often  becomes  thinned,  and  in  the  scalp  bald  as  the  result  of  atrophy 
of  the  hair-follicles.  The  diagnosis  of  a  sebaceous  cyst  from  a  chronic 
abscess  or  soft  lipoma  is  rarely  attended  with  difficulty,  and  sub- 
cutaneous dermoids  can  usually  be  distinguished  from  sebaceous  cysts 
by  their  limitation  to  certain  situations,  and  often  by  the  greater  depth 
at  which  they  lie.  Cysts  described  as  "  congenital  sebaceous  cysts  " 
are  always  dermoids,  and  the  same  is  almost  always  true  of  the  cysts 
in  children  which  are  described  as  sebaceous. 

Sebaceous  cysts  are  liable  to  the  following  changes  :  Inflammation 
and  suppuration  are  common,  especially  in  small  cysts  on  the  cheek ; 
the  contents  of  the  resulting  abscess  are  often  very  offensive.  Ulceration 
of  the  overlying  skin  may  involve  the  superficial  part  of  the  cyst  wall, 
thus  widely  opening  up  the  interior.  This  has  been  observed  chiefly 
in  sebaceous  cysts  of  the  scalp,  and  may  lead  to  a  very  peculiar  appear- 
ance resulting  from  the  formation  of  exuberant  masses  of  gTanulation 
tissue  from  the  deep  part  and  edges  of  the  interior  of  the  cyst.  The 
condition  may  thus  closely  simulate  a  malignant  gTowth. 

Another  change  occasionally  occurring  in  a  sebaceous  cyst  is  that 
which  results  in  the  formation  of  a  sebaceous  Jiorn.  The  contents  of 
the  cyst  gradually  escape  from  an  orifice  in  the  cyst  wall  and  skin,  and 
form  a  slowly  increasing  conical,  horny  mass,  which  may  superficially 
have  a  close  resemblance  to  the  horny  epidermic  outgrowths  that 
sometimes  form  on  the  surface  of  cutaneous  papillomas  (p.  448). 

Calcification  of  the  cyst  wall  and  its  contents  may  occasionally 
convert  a  sebaceous  cyst  into  a  solid  mass,  sometimes  wrongly  described 
as  bony.    This  change  is  most  common  in  small  cysts  in  the  region  of 
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the  shoulder,  but  may  occur  in  cysts  in  the  scalp  or  elsewhere.  The 
supervention  of  malignant  disease  ni  the  form  of  squamous-celled 
carcinoma  in  a  sebaceous  cyst  is  very  rare. 

In  removing  a  selmceous  cyst  care  must  be  taken  that  the  cyst 
wall  is  completely  taken  away.  In  large  sebaceous  cysts  of  the  scalp 
this  can  most  easily  be  done  by  evacuating  the  contents  through  a 
hort  incision,  and  then  carefully  dra\ving  out  the  cyst  wall. 

Mucous  cysts  arise  as  retention  cysts  of  the  mucous  glands  which 
are  present  in  many  mucous  membranes.  They  rarely  reach  a  large 
size,  and  appear  usually  as  small,  tense,  semitranslucent  bluish  pro- 
minences, containing  a  clear  viscid  fluid.  They  are  not  imcommon 
on  the  mucous  surface  of  the  lips  and  cheeks,  and  are  occasionally 
met  with  on  the  tongue. 

The  name  ranula  is  applied  to  certain  cysts  sometimes  found  in 
the  floor  of  the  mouth  beneath  the  tongue.  These  cysts  undoubtedly 
vary  in  their  mode  of  origin,  and  sometimes  arise  in  the  salivary  glands. 
In  the  most  common  form,  however,  the  cyst  is  situated  laterally,  and 
the  patent  duct  of  the  submaxillary  gland  can  be  demonstrated  pass- 
ing over  the  surface  of  the  cyst,  clearly  proving  that  the  cyst  has 
not  arisen  ui  it.  Occasionally  a  ranula  extends  from  the  floor  of 
the  mouth  on  to  the  under  surface  of  the  tongue.  The  cyst  forms  a 
bluish  semitranslucent  prominence,  and  usually  contains  a  thick  ropy 
mucus.  It  nuist  undoubtedly  be  regarded  in  many  cases  as  a  simple 
mucous  retention  cyst,  and  among  the  glands  in  which  such  a  ranula 
may  arise  may  be  mentioned  the  glands  of  Blandin,  which  lie  on 
the  under  surface  of  the  tongue,  and  the  incisive  glands,  which  lie 
close  to  the  lower  jaw  ojjposite  the  central  incisor  teeth. 

Mucous  cysts  are  sometimes  met  with  in  tlu  labia  minora.  A 
specimen  of  this  kind,  removed  by  Liston,  is  as  large  as  a  Tangerine 
orange.  A  cyst  sometimes  of  large  size  may  develop  from  Bartholin's 
gland,  forming  a  tumour  in  the  posterior  extremity  of  the  labium 
majus.    Occasionally  a  cyst  of  tliis  kind  suppurates. 

2.  Exudation  cysts  are  cysts  which  arise  from  an  exudation 
of  fluid  from  the  lymphatics  or  blood-vessels.  When  such  an  exudation 
of  fluid,  whether  it  be  serous,  chylous,  or  sanguineous  in  character, 
occurs  into  an  already  existing  cavity,  such  as  a  joint,  bursa,  or  other 
serous  cavity,  the  resulting  collection  is  not  properly  included  among 
cysts  ;  whereas  in  a  true  exudation  cyst  the  wall  of  the  cyst,  as  well  as 
the  fluid  it  contains,  is  a  distinct  new  formation. 

According  to  the  character  of  the  fluid,  exudation  cysts  are  divided 
into  serous,  chylous,  and  blood  cysts. 

True  serous  cysts  are  rare,  and  must  not  be  confused  with  cystic 
lymphangiomas  (p.  413).  As  examples  may  be  mentioned  certain  cysts 
of  the  mesentery,  which  may  be  large  enough  to  produce  an  abdominal 
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tumour,  and  in  some  instances  have  occasioned  intestinal  obstruction. 
Some  cysts  of  the  jaws  (usually  tlie  maxilla),  known  as  dental  cysts, 
must  be  included  in  this  class.  They  differ  from  dentigerous  cysts 
in  the  absence  of  an  unerupted  tooth,  and  are  supposed  to  arise  in  a 
small  abscess  sac  connected  \vith  the  periodontal  membrane. 

Serous  cysts  are  often  described  as  one  variety  of  cyst  of  the  breast. 
Undoubtedly  a  single  thin-walled  cyst  containing  clear  fluid  sometimes 
occurs  in  this  situation,  but  the  evidence  that  it  arises  independently 
of  the  gland  tissue  does  not  appear  conclusive. 

Chylous  cysts,  necessarily  of  lymphatic  origin,  are  occasionally 
found  in  the  abdominal  cavity,  and  constitute  a  rare  form  of  mesen- 
teric cyst. 

Blood  cysts. — These,  although  rare,  deserve  brief  notice.  It 
occasionally  happens  that  a  hsematoma  of  the  subcutaneous  tissues, 
or  in  other  situations,  instead  of  being  gradually  absorbed,  undergoes 
changes  which  result  in  the  formation  of  a  true  blood  cyst.  This 
consists  of  a  fibrous  wall,  the  inner  surface  of  which  is  covered  with  a 
thin  layer  of  rusty-coloured  material  (hfematoidin),  the  contents 
being  a  clear  yellow  fluid. 

Cysts  of  this  nature  (apoplectic  cysts)  are  occasionally  found  in 
the  cerebral  membranes  or  in  the  substance  of  the  brain. 

The  reader  may  be  reminded  that  many  so-called  "  blood  cysts," 
met  with  in  connexion  with  the  bones  and  in  other  situations,  prove 
to  be  tumours,  usually  myeloma  or  sarcoma,  in  which  the  tumour 
substance  has  been  broken  down  by  heemorrhagic  extravasation. 

3.  Cysts  arising  in  tissue  inclusions  or  vestigial 
structures. — Dermoid  cysts  are  the  most  important  examples 
of  this  class.  They  may  be  defined  as  cysts  of  congenital  origin  lined 
Avith  skin  or  mucous  membrane,  and  they  may  arise  either  in  a  rudiment 
of  the  surface  which  has  remained  included  in  the  deeper  tissues  or  in 
a  vestigial  epithehum-lined  structure.  The  most  simple  dermoids  are 
those  which  occur  in  the  situation  of  various  embryonic  fissures,  the 
edges  of  which  come  into  contact  and  eventually  unite.  During  this 
process  it  is  easy  to  imderstand  how  a  rudiment  of  the  surface  epi- 
thelium may  remain  embedded  in  the  deeper  tissues  and  become  the 
origin  of  a  dermoid  cyst. 

Bland-Sutton,  to  whom  we  owe  much  of  our  loiowledge  of  these 
tumours,  distinguishes  by  the  names  sequestration  dermoids  and  tubulo- 
dermoids  those  arising  in  smface  inclusions  and  in  epithelium-lined 
vestigial  structures  respectively. 

A  simple  dermoid  cyst  consists  of  a  fibrous  wall  lined  with  stratified 
squamous  epithelium  in  which  the  papillary  arrangement  normal  to 
the  skin  is  often  well  marked,  and  in  addition  various  cutaneous  appen- 
dages, such  as  sebaceous  glands,  hair-foUicles,  and  less  frequently 
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sweat-glands,  may  be  present  (Fig.  165).  In  dermoid  cysts  occurring  in 
teratomas,  which  have  already  been  described,  other  structures  such  as 
teeth,  nails,  and  more  complex  parts  may  be  present. 

Tlie  contents  of  a  dermoid  cyst  vary,  but  most  commonly  consist 
of  the  sebaceous  material  secreted  by  the  sebaceous  glands  in  its  wall, 
and  thus  resemble  the  contents  of  a  sebaceous  cyst,  often  with  fine 
hairs  projecting  from  the  wall.  If,  however,  no  sebaceous  glands 
are  present,  the  cyst  may  contain  a  clear  or  opalescent  fluid  and  be 
translucent. 


Fig.  165.- — Microscopic  section  of  wall  of  dermoid  cyst,  showing  the 
stratified  epithelial  lining  and  sebaceous  glands. 

Dermoid  cysts  of  the  head  and  neck, — The  most  common 
situation  for  dermoids  is  tlie  jacr,  the  exact  position  being  usually 
determined  by  the  lines  of  luiiou  of  the  various  processes  from  wliich 
the  part  is  developed.  They  thus  occur  in  the  fissure  between  the 
maxillary  process  and  the  frontal  region  of  the  cranium  with  its  central 
fronto-nasal  process,  and  also  in  the  fissure  between  tlie  maxillary 
and  mandibular  processes. 

A  dermoid  arising  in  the  first  of  these  fissures  may  be  situated  at 
the  outer  angle  of  the  orbit,  less  commonly  at  the  inner  angle,  and  still 
less  commonly  in  the  naso-facial  sulcus,  whilst  a  dermoid  arising  in 
the  cleft  between  the  maxillary  and  mandibular  processes  is  situated 
on  the  cheek  in  a  line  drawn  from  the  external  auditory  meatus  to  the 
angle  of  tlie  mouth. 
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The  cyst  which  is  so  frequently  found  at  the  outer  angle  of  the 
orbit  is  by  far  the  most  common  example  of  a  sequestration  dermoid 
(Fig.  166).  It  rarely  reaches  a  large  size,  and,  although  it  usually  lies 
close  to  the  external  angular  process,  it  is  sometimes  found  in  the 
outer  end  of  the  upper  eyelid.  The  cyst  is  usually  deeply  seated, 
lying  beneath  the  orbicularis  on  the  bone,  in  which  it  may  occupy 
a  shallow  depression.  A  dermoid  cyst  is  occasionally  situated  in 
the  middle  line  at  the  root  of  the  nose.    In  two  cases  of  this  kind 

we  have  confu'med  Bland- 
Sutton's  observation  that 
the  cyst  may  be  translu- 
cent. In  one  of  these  cases 
we  found  the  nasal  bones 
to  be  separated  by  the 
cyst,  which  extended  so 
deeply  that  after  its  re- 
moval the  upper  edge  of 
the  nasal  septum  was  ex- 
posed and  each  nasal  cavity 
opened.  The  mode  of  origin 
of  such  a  cyst  is  obscure, 
but  a  fine  process  of  the 
dura  mater  can  be  de- 
monstrated in  the  infant 
between  the  nasal  bone 
and  the  cartilaginous  cap- 
sule of  the  nose,  and  pos- 
sibly a  dermoid  in  this 
situation  may  be  of  intra- 
cranial origin. 

Dermoids  of  the  scalp 
are  most  common  at  the 
Fig.  166. — Orbital  dermoid.  external  occipital  protuber- 

ance and  over  the  anterior 
fontanelle.  When  in  the  latter  situation  the  cyst  may  be  firmly 
connected  with  the  membrane  closing  the  fontanelle,  and  when 
lying  over  the  bone  a  depression  or  perforation  may  be  present, 
and  the  cyst  may  even  be  attached  to  the  dura  mater. 

Dermoids  of  the  external  ear  probably  arise  in  the  clefts  between 
the  seven  processes  from  which,  according  to  His,  the  part  is  developed. 
Such  a  cyst  may  present  itself  as  a  tumour  over  the  mastoid  process, 
and  in  a  case  of  this  kind  dissection  showed  that  the  cyst  could  be 
easily  separated  from  all  the  surrounding  tissues  except  in  fi'ont,  where 
it  was  intimately  connected  through  the  cartilage  with  the  skin  lining 
the  hollow  of  the  concha. 
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Intracranial  dermoids  are  rare.  According  to  Bland-Sutton,  tliey 
are  usually  in  the  occipital  region,  and  nearly  always  in  relation  with 
the  tentorium  cerebelli.  They  have  also  been  found  in  the  brain, 
sometimes  in  connexion  with  the  ventricles,  and  may  be  multiple. 
Certain  cysts  in  this  situation  are  very  rich  in  cholesterin,  and  the  name 
"  cholesteatoma  "  has  been  applied  to  them  ;  and  it  is  probable  that 
whilst  some  such  tumours  are  true  dermoids,  others  are  of  endothelial 
origin,  and  that  the  peculiar  formations  are  allied  to  the  concentric 
bodies  found  in  the  psammomas  (p.  421).  It  may  here  be  noted  that 
the  name  cholesteatoma  is  also  applied  to  the  peculiar  laminated 
masses  sometimes  found  in  the  tympanum  and  mastoid  antrum, 
and  resulting  from  a  gradual  accumulation  of  epithelial  debris  and 
inflammator}^  exudation. 

Dermoid  cysts  of  the  tongue  probably  owe  their  origin  to  inclusion 
of  epithelium  at  the  line  of  union  of  the  median  and  lateral  tubercles 
from  which  the  tongue  develops  (sequestration  dermoids),  or  arise  in  an 
unobliterated  segment  of  the  thyro-glossal  duct  or  canal  of  His  (tubulo- 
dermoids).  A  lingual  dermoid  may  be  situated  mesially  or  laterally, 
and  usually  presents  itself  as  a  tumour  in  the  floor  of  the  mouth,  which 
may  also  project  beneath  the  jaw.  An  origin  in  the  thyro-glossal  duct 
is  assigned  to  those  cysts  which  lie  deeply  in  the  middle  line  between 
the  genio-hyoglossi  muscles,  in  the  position  occupied  by  the  duct  as  it 
passes  from  tiie  foramen  cfecum  at  the  base  of  the  tongue  to  the 
deep  aspect  of  the  hyoid  bone.  An  extraordinary  example  of  lingual 
dermoid  is  preserved  in  the  Museum  of  University  College  Hospital. 
It  was  removed  by  Gray  of  Bombay,  and  formed  an  enormous  pro- 
truding tumour  containing  two  pints  of  sebaceous  matter. 

Dermoid  cysts  of  the  neck  may  occur  in  the  middle  line  or  laterally. 
In  the  middle  line  tliey  arise  in  connexion  with  the  union  of  the  lateral 
halves,  but  when  situated  laterally  they  originate  from  one  of  the 
branchial  clefts.  A  branchial  dermoid  usually  presents  itself  as  a 
deeply  seated  cyst  situated  slightly  below  and  behind  the  angle  of  the 
jaw,  and  its  removal  may  involve  an  e.xtensive  dissection  exposing 
the  bifurcation  of  the  carotid  artery.  The  position  of  such  a  cyst 
suggests  that  it  has  its  origin  in  the  second  branchial  cleft,  which  passes 
from  the  tonsillar  region  between  the  internal  and  external  carotid 
arteries.  In  a  case  of  this  kind  under  the  care  of  Godlee,  the  cyst 
was  mistaken  for  a  softened  tuberculous  gland,  and  its  nature  was 
only  discovered  after  the  cyst  had  been  removed  intact. 

Dermoids  of  the  trunk  may  occur  at  any  point  along  the  middh^ 
line,  but  have  most  commonly  been  found  over  the  sternum  and  at 
the  umbilicus.  Over  the  spine  they  have  been  mistaken  for  spina 
bifida,  or  may  be  associated  with  it.  It  has  already  been  pointed  out  that 
dermoids  of  the  scrotum  must  be  carefully  distinguished  from  dermoid 
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cysts  in  teratomas  of  the  testicle  (p.  588).  Bland-Sutton  refers  to  a 
dermoid  cyst  containing  sebaceous  matter  and  hair,  which  he  removed 
from  the  labium,  and  cysts  lined  with  stratified  squamous  epithelium 
are  occasionally  found  in  the  lower  part  of  the  vagina. 

Cysts  of  epidermic  structure,  and  throwing  an  interesting  light  on 
the  mode  of  formation  of  congenital  dermoids,  are  sometimes  met  with 
as  the  result  of  injury,  usually  a  punctured  wound,  and  evidently 
caused  by  the  displacement  of  a  fragment  of  living  sidn  into  the  deeper 
tissues.  Such  cysts  are  called  im/plantation  cysts  or  traumatic  dermoids. 
They  rarely  reach  a  large  size,  and  have  been  foimd  most  frequently 
on  the  palmar  surface  of  the  fingers,  where  punctured  wounds  are 
common.    Similar  cysts  have  been  met  with  in  the  iris  and  cornea. 

Another  striking  illustration  of  dermoid  cysts  arising  by  accidental 
implantation  is  sometimes  seen  in  the  formation  of  small  cysts  of  this 
nature  which  may  occur  on  the  peritoneum  as  the  result  of  the  rupture 
of  an  ovarian  dermoid. 

Dentigerous  cysts. — A  cyst  is  occasionally  found  in  the 
mandible,  and  much  more  rarely  in  the  maxilla,  in  the  wall  of  which  a 
more  or  less  jDerfectly  developed  tooth  is  present.  Such  a  cyst  is 
occasionally  laiown  as  a  follicular  odontonie  because  it  is  supposed  to 
arise  fi-om  cystic  enlargement  of  the  tooth- follicle  (p.  398).  It  usually 
occurs  in  connexion  with  a  tooth  of  the  permanent  set,  most  commonly 
a  molar,  but  occasionally  the  tooth  in  the  cyst  is  supernumerary. 
The  cyst  as  it  increases  causes  expansion  of  the  mandible,  and  eventually 
the  bony  shell  may  become  so  thin  as  to  yield  on  pressure  with  the 
finger,  and  give  the  sensation  of  eggshell-crackling.  The  diagnosis 
of  a  dentigerous  cyst  from  other  central  tumours  of  the  mandible  is 
usually  suggested  by  the  absence  of  one  of  the  teeth  in  the  position 
of  the  enlargement,  and  may  be  much  assisted  by  radiography. 

Many  instances  of  cysts  arising  from  vestigial  structures  occur  in 
different  organs,  and  only  need  mention  here.  Thus,  the  parovarian 
cyst  in  the  broad  hgament  undoubtedly  arises  in  the  remains  of  the 
Wolffian  body  and  duct ;  certain  vaginal  cysts  are  supposed  to  arise 
from  the  duct  of  Gartner  or  from  diverticula  of  the  Miillerian  duct ; 
cystic  disease  of  the  kidneys  and  liver  is  believed  to  be  due  to  dilatation 
of  rudimentary  tubules  in  the  organs  ;  whilst  certain  cysts  of  the 
testicle  (encysted  hydrocele  of  the  epididymis)  are  supposed  to  arise 
in  vestigial  structures  representing  remains  of  the  Miillerian  duct  or 
vasa  aberrant! a. 

4.  Parasitic  cysts. — The  only  form  of  parasitic  cyst  that  is 
common  in  the  human  subject  is  that  which  occurs  as  the  hydatid 
form  of  the  Tcenia  echinococcus,  the  tapeworm  of  the  dog,  and  is 
Imown  as  the  hydatid  cyst. 
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It  is  a  cliaracteristic  of  the  tapeworms,  or  cestodea,  that  the  two 
stages  of  their  development  are  passed  in  two  separate  hosts.  Thus, 
in  the  case  of  Tcsnia  solium  the  adult  worm  forms  the  most  common 
tapeworm  in  the  human  subject,  whilst  the  hydatid  stage  occurs  as  the 
cysticercus  or  "  measle  "  of  the  pig,  although  occasionally  the  cysticercus 
is  met  with  in  man.  The  Ufe  history  of  the  Tcenia  echinococcus  and 
its  hydatid  form  is  as  follows  :  The  adult  worm  is  found  in  the  intestine, 


Fig.  1G7. — Diagram  showing  Taenia  echinococcus  (natural  size  and 
enlarged),  an  ovum,  section  of  wall  of  hydatid  cyst  with  brood 
capsule  and  scolices,  two  scolices  and  booklets. 

especially  the  duodenum,  of  the  dog  or  wolf,  and  appears  to  the  naked 
eye  as  a  small  white  spot  on  the  mucous  membrane.  It  consists  of 
four  segments  and  measures  4  mm.  in  length  ;  the  head  is  provided 
with  four  suckers  and  thirty  or  forty  hooklets  (Fig.  167).  The  ripe 
terminal  segment  or  proglottis,  containing  several  hundred  ova,  becomes 
detached  and  is  passed  in  the  excreta,  the  ova  being  set  free  by  the 
rupture  of  the  proglottis.  An  ovum  now  reaches  the  ahmentary 
canal  of  man.  probably,  as  a  rule,  in  contaminated  drinking-water, 
and  after  digestion  of  the  envelope  in  the  stomach  the  six-hooked 
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embryo  is  set  free.  This  lias  the  power  of  actively  making  its  way 
through  the  stomach  wall,  and,  as  it  is  scarcely  larger  than  a  red  blood- 
corpuscle,  is  readily  carried  to  the  Uver  or  lungs  or  to  some  other 
part.  Having  become  arrested,  the  embryo  develops  into  a  cyst, 
in  which  further  stages  of  development  occur.  The  wall  of  the 
parasitic  or  hydatid  cyst  consists  of  an  outer  elastic  laminated  cuticular 
layer  and  an  inner  granular  or  parenchymatous  layer,  whilst  aroimd 
the  true  cyst  a  pseudocyst  develops  as  the  result  of  inflammatory 
reaction  in  the  surrounding  tissues  of  the  host.  The  fluid  contained 
in  the  cyst  is  colourless  and  clear,  or  slightly  opalescent,  reaction  neutral, 
specific  gravity  1002  to  1005  ;  it  is  non-albuminous,  and  contains  some 
chloride  of  sodium  with  sometimes  a  trace  of  a  reducing  agent.  By 
the  time  the  cyst  has  reached  the  size  of  a  walnut  a  number  of  "  brood 
capsules  "  begin  to  form  on  the  inner  surface,  and  appear  as  small  bodies 
like  pins'  heads.  Each  brood  capsule  also  consists  of  two  layers,  but 
the  cuticular  layer  is  internal,  and  on  it  a  number  of  heads  or  "  scolices  " 
(Fig.  167)  form,  which  fail  to  imdergo  further  development  unless  they 
reach  the  alimentary  canal  of  a  suitable  host,  such  as  the  dog,  when  they 
become  the  heads  of  a  new  generation  of  adult  worms.  The  hydatid 
form  of  Tcenia  echinococcus  is  met  with  in  several  of  the  lower  animals, 
such  as  the  sheep,  cow,  and  pig,  as  well  as  in  man,  and  it  is  from  the 
ofEal  of  such  animals  that  the  dog  becomes  infected.  The  hydatid 
cyst,  as  it  occurs  in  man,  may  be  single  or  multiple,  and  varies  in  size 
within  wide  limits,  some  of  the  largest  containing  many  pints  of  fluid. 
In  addition  to  the  development  of  brood  capsules  and  scolices  as  above 
described,  a  very  common  occurrence  is  the  formation  of  secondary  or 
"  daughter  cysts  "  in  or  outside  the  parent  cyst.  When  the  daughter 
cysts  arise  internally  they  are  formed  from  the  brood  capsules  or  scolices, 
and  may  themselves  proceed  to  develop  in  a  similar  way ;  they  often 
escape  in  the  form  of  grape-like  cysts  when  the  parent  cyst  is  opened. 
Such  a  cyst  is  called  endogenous.  When  the  daughter  cysts  arise 
externally  they  originate  between  the  laminje  of  the  cuticular  layer 
of  the  parent  cyst  and  project  into  the  surroimding  tissues.  Such  a 
cyst  is  called  exogenous. 

A  rare  variety  of  hydatid  cyst,  which  has  been  found  in  the  liver, 
consists  of  a  mass  of  small  cysts  giving  to  the  whole  an  alveolar 
structure.  This  variety  was  originally  mistaken  for  colloid  cancer 
imtil  its  true  nature  was  discovered  by  Virchow,  who  gave  it  the  name 
multilocular  hydatid.  In  the  tissue  around  the  cysts  large  numbers 
of  giant  cells  may  be  found.  It  occasionally  happens  that  the  jaarent 
cyst  or  some  of  the  daughter  cysts  may  fail  to  produce  brood  capsules 
and  scolices.    Such  a  sterile  cyst  is  called  an  acephalocyst. 

Secondary  changes. — The  length  of  time  during  which  a  hydatid 
cyst  may  remain  alive  is  not  known,  but  certainly  it  may  Hve  for  many 
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years.  If  the  parasite  dies  the  cyst  ceases  to  enlarge,  and  subsequently 
shrinks.  The  fluid  disappears,  and  a  convoluted  gelatinous  mass 
remains,  the  wall  of  which  may  be  extensively  calcified.  Rupture  of  a 
hydatid  cyst  may  occur  into  one  of  the  hollow  viscera,  the  heart  or 
large  blood-vessels,  a  serous  cavity,  or  externally.  Suppuration  is  not 
uncommon,  and  the  true  origin  of  the  abscess  may  only  be  determined 
by  the  detection  of  booklets  or  fragments  of  the  ectocyst  in  the  pus. 

The  geographical  distribution  of  hydatid  disease  is  largely 
dependent  upon  the  extent  to  which  infested  dogs  come  into  relation 
with  the  inhabitants  ;  thus,  wliilst  it  is  imcommon  in  Europe  and  very 
rare  in  America,  it  is  common  in  Australia,  Iceland,  and  other  parts. 

A  study  of  the  anatomical  distribution  of  the  disease  shows  that 
the  liver  is  affected  in  more  than  one-half  of  the  cases  ;  thus,  among 
420  cases  treated  consecutively  in  the  Royal  Prince  Alfred  Hospital 
in  Sydney,  McLaurin  found  that  the  liver  was  affected  in  267,  or  63"4 
per  cent.  Among  the  other  parts  which  may  be  affected  are  the 
alimentary  canal,  lungs  and  pleurae,  kidneys,  female  genital  organs, 
Ijrain,  muscles,  bone,  and  the  heart  and  blood-vessels. 

The  clinical  features  of  a  hydatid  cyst  necessarily  differ  widely 
according  to  its  situation.  Thus,  in  the  liver  the  cyst  may  form 
a  prominence  in  the  epigastric  region,  and  may  project  upwards  so 
as  to  displace  the  heart  and  produce  physical  signs  resembling  those 
of  pleural  effusion.  When  a  hydatid  cyst  is  sufficiently  superficial, 
distinct  fluctuation  may  be  felt  in  it,  and  sometimes  a  peculiar 
vibratory  sensation — the  so-called  hydatid  fremitus — is  felt  when  the 
tumour  is  jjalpated  with  the  fingers  of  one  hand  whilst  another  part 
of  the  tumour  is  sharply  tapped  with  the  fingers  of  the  other  hand. 
In  other  regions  of  the  abdomen  a  hydatid  cyst  may  simulate  many 
other  conditions,  such  as  a  hydronephrosis  or  a  cyst  of  the  ovary. 
In  the  consideration  of  an  obscure  case  in  which  multiple  abdominal 
tumours  are  present,  the  possibility  that  they  may  be  hydatid  cysts 
should  always  be  remembered. 

In  the  lung  the  symptoms  and  physical  signs  of  this  disease  vary 
greatly.  Hoemoptysis  and  cough  are  common,  whilst  displacement  of 
the  heart  and  the  presence  of  "  a  rounded  area  of  dullness  on  percus- 
sion, the  note  obtained  being  absolutely  dull  in  the  centre  of  the  area 
and  gradually  increasing  in  resonance  towards  its  margin,  the  breath 
sounds  and  vocal  resonance  over  the  same  site  being  absent (Fowler 
and  Godlee),  are  valuable  signs.  Hydatid  cysts  causing  tumours  in 
peripheral  parts  such  as  the  bones  and  muscles  are  very  apt  to  be 
mistaken  for  other  diseases,  especially  in  countries  in  which  hydatid 
disease  is  rare.  In  the  case  of  Bilton  Pollard's  illustrated  in  Fig.  16S, 
the  proptosis  caused  by  a  hydatid  cyst  of  the  orbit  was  thought  before 
operation  to  be  due  to  an  orbital  sarcoma. 
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The  rupture  of  a  hydatid  cyst  may  in  certain  situations  prove 
immediately  fatal,  as,  for  instance,  when  it  occurs  into  a  large  bronchus 
or  blood-vessel.  In  other  cases  the  detection  of  hooklets  or  fragments 
of  membrane  m  the  sputum,  vomit,  stools,  or  urine  has  revealed  the 
nature  of  an  otherwise  obscure  condition.  When  a  hydatid  cyst  leaks 
or  ruptures  into  the  peritoneal  cavity  the  results  vary  considerably 
in  different  cases.    Sometimes  peritonitis  with  effusion  rapidly  occurs, 


Fig.  168.— Hydatid  cyst  of  orbit. 

but  occasionally,  as  McLaurin  has  pointed  out,  a  thin  adventitious 
membrane  forms  around  the  fluid  if  the  latter  only  escapes  gradually, 
and  a  condition  much  like  tuberculous  peritonitis  may  result.  Further, 
it  is  of  interest  that  the  peritoneal  reaction  may  take  the  form  of 
small  multiple  granulomas  like  miliary  tubercles. 

A  phenomenon  sometimes  accompanying  leakage  from  or  aspiration 
of  a  hydatid  cyst  is  the  so-called  hydatid  rash.  The  rash  is  usually 
urticarial  in  character,  but  it  may  resemble  scarlet  fever  or  measles ; 
it  is  due  to  the  absorption  of  some  toxic  constituent  of  the  fluid. 

Another  interesting  observation  which  has  often  been  made  in 


HYDATID  CYSTS 


603 


cases  of  hydatid  disease  is  the  increase  of  the  eosinophile  cells  of  tlie 
blood.  Barling  and  Welsh  of  Sydney,  who  have  made  observations 
on  this  phenomenon,  found  that  in  50  per  cent,  the  eosinophiUa  was 
marked,  in  2-5  per  cent,  moderate,  and  in  2.5  per  cent,  absent  or  so  slight 
as  to  be  of  no  diagnostic  value.  It  was  a  marked  feature  in  six  cases  in 
which  the  cyst  had  leaked  or  ruptured  into  the  abdominal  cavity. 

Finally,  it  may  be  mentioned  that  Welsh  and  Chapman  have  found 
evidence  that  a  precipitive  reaction  sometimes  occurs  between  hydatid 
fluid  and  the  serum  of  individuals  suffering  from  hydatid  disease  ; 
and  that  Weinberg  and  others  have  obtained  some  positive  results 
tending  to  show  that  an  antibody  is  produced  in  this  disease,  and  that 
the  fixation  of  tlie  complement  may  prove  an  aid  in  diagnosis. 

The  treatment  of  a  hydatid  cyst  should,  as  far  as  possible,  consist 
in  the  complete  removal  of  the  parasitic  cyst.  Exploratory  puncture 
with  an  aspirator  needle  is  a  dangerous  procedure  in  hydatids  of  the 
chest  and  abdomen,  and  an  exploratory  incision  should  always  be 
preferred.  In  some  situations  it  may  be  possible  to  close  the  wound 
after  the  removal  of  the  cyst,  but,  especially  in  large  hepatic  cysts, 
the  edges  of  the  incision  in  the  adventitious  cyst  should  be  sutured 
to  the  edges  of  the  wound  in  the  parietes  and  the  cavity  drained.  Some 
surgeons  think  it  advisable  to  inject  a  small  quantity  of  formalin  into 
the  C3^st  before  opening  it.  In  hydatid  disease  of  bone  it  may  be 
possible  merely  to  remove  the  cyst,  but,  as  the  disease  often  assumes 
the  exogenous  form  in  the  cancellous  tissue,  removal  of  part  of  the 
bone,  or  even  amputation,  may  be  necessary. 

Hydatid  disease  in  such  a  situation  as  the  liver  must  be  regarded 
as  a  very  serious  aiiection,  as  far  as  ultimate  cure  is  concerned.  McLaurin 
is  of  opinion  that  the  subjects  of  the  disease  should  not  be  accepted  for 
life  assurance  for  five  years  after  operation. 

The  only  other  parasitic  cyst  of  the  human  subject  which  needs 
mention  is  the  Cysticercus  ceJhdosce — the  hydatid  form  of  the  Tcenia 
solium.  Usually  this  hydatid  occurs  as  the  "  measle  "  of  the  pig,  and 
its  occurrence  in  man  is  rare. 

The  cysticercus  consists  of  a  thin-walled  cyst  varying  in  size  from 
a  pea  to  a  small  bean,  and  2)resenting  on  its  inner  surface  a  small  pro- 
jection or  scolex  which  is  capable  of  developing  into  a  mature  Tcenia 
solium  if  conveyed  into  the  intestine  of  a  suitable  host. 

Among  the  situations  in  which  cysticerci  have  been  found  in  man 
are  the  brain,  eye,  muscles,  subcutaneous  tissues,  heart  and  viscera. 
They  may  be  accidentally  discovered  post-mortem,  but  have  been 
kno\Mi  to  occasion  symptoms  during  hfe,  as,  for  instance,  when  situated 
in  the  brain.  A  cysticercus  in  the  vitreous  body  of  the  eye  may  form 
a  striking  object  on  ophthalmoscopic  examination. 

Multiple  subcutaneous  cysticerci  may  resemble  small,  solid  tumours 
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and  their  nature  be  detected  only  after  excision.  In  a  case  of  this 
kind  under  the  care  of  Rose  Bradford,  the  patient,  a  soldier  aged  30, 
was  admitted  to  hospital  on  account  of  epileptic  attacks.  Multiple 
small  tumours,  one  of  which  was  excised  and  proved  to  be  a  cysti- 
cercus,  were  present  in  the  subcutaneous  tissues  of  the  scalp,  trunk, 
and  limbs,  and  beneath  the  tongue.  The  epileptic  attacks  were 
probably  due  to  a  cysticercus  of  the  brain. 

BIBLIOGRAPHY 

Abbott,  F.  C,  and  S.  G.  Shattock,   "  Macroglossia  Neuiofibromatosa,"'  Trans. 

Path.  Soc,  vol.  liv.,  1903. 
Abricossoff,  "  Ein  Pall  v.  multiplen  Rhabdomyom  des  Herzens,"  Ziegler's  Beitr., 

vol.  xlv.,  1909. 

Albrecht,  "  Beitrage  zur  Klinik  und  pathologischen  Anatomie  der  malignen  Hyper- 

nephromes,"  Arch.  f.  klin.  Chir.,  vol.  Ixxvii..  1905. 
Askanazy,  Dermoidcysten  des  Eierstocks.  1905. 

Bashford,  Scientific  Reports  of  the  Imperial  Cancer  Research  Fund,  1904-8. 
Battle  and  Corner,  The  Surgery  of  Diseases  of  the  yermiform  Appendix.  1904. 
Beckton,  "  The  Absence  of  Altmann's  Granules  in  Malignant  New  Growths," 

Brit.  Med.  Journ.,  1909. 
Bence-Jones,  "  On  a  New  Substance  in  the  Urine  of  a  Patient  with  MoUities  Ossium," 

Phil.  Trans.,  1848. 

Beneke,  "  Zur  Lehre  von  der  Versprengung  von  Nebennierenkeimen  in  die  Niere," 

Ziegler's  Beitr.,  vol.  ix.,  1891. 
Berry,  Diseases  of  the  Thyroid  Gland.  1901. 
Birch-Hirschfeld,  Lehrbuch.  1896. 

Birch-Hirschfeld,  "  Beitrage  zur  pathologischen  Anatomie  der  Nierengeschwiilste," 

Ziegler's  Beitr.,  vol.  xxiv.,  1898. 
Bland-Sutton,  Tumours  Innocent  and  Malignant.  1911. 
Borst,  Die  Lehre  von  den  Geschwiilsten.  1902. 

Bowlby,  A.  A.,  "  Paget's  Disease  of  the  Nijiple,"  Med. -Chir.  Trans.,  vol.  Ixxiv.,  1891. 
Butlin  and  Spencer,  Diseases  of  the  Tongue.  1900. 
Cohnheim,  Vorlesungen  iiber  allgemeine  Pathologic.  1877. 

Coley,  W.  B.,  "  The  Treatment  of  Inoperable  Sarcoma  by  Bacterial  Toxins," 

Proc.  Roy.  Soc.  Med.,  vol.  iii.,  1910. 
von  Eiselsberg,  "  Ueber  Knochen-Metastasen  des  Schilddriisen  Krebses,"'  Arch. 

f.  klin.  Chir.,  vol.  xlvi.,  1893. 
von  Eiselsberg,  "  Ueber  physiologische  Function  einer  im  Sternum  zur  Entswischung 

gekommen  krebsigen  Schilddriisen  Metastase,"  ibid.,  vol.  xlviii.,  1894. 
von  Eiselsberg,  "  Die  Krankheiten  der  Schilddriise,"  Deiits.  Chir.,  Lief,  xxxviii.,  1901 . 
Farmer,  Moore,  and  Walker,  "  On  Resemblances  exhibited  between  the  Cells  of 

Malignant  Growths  in  Man  and  those  of  Normal  Reproductive  Tissues," 

Proc.  Roy.  Soc,  vol.  Ixxii.,  1904. 
Fraenkel,  L.,  "  Das  von  dem  Epithel  der  Chorionzotten  ausgeliende  Carcinom 

des  LTterus  (nach  Blasenmole),"  Arch.  f.  Oehnrtshilfe  u.  Gyn.,  vol,  xlviii.,  1894. 
Getzowa,  "  Ueber  die  Glandula  parathyreoidea,"  Virchoiv's  Arch.,  vol.  clxxxviii., 

1907. 

Glockner,  "  Ueber  den  sogenannten  endotheliel  Krebs  der  serosen  Haute,"  Zeits. 

f.  Heilhunde,  vol.  xviii.,  1897. 
Goldmann,  "  Anatomische  Untersuchungen  iiber  d.  Verbreitungswege  bosartiger 

Geschwiilste,"  Beitr.  z.  klin.  Chir.,  vol.  xviii.,  1897. 
Grawitz,  "  Die  sogenannten  Lipome  der  Nieren,"  Virchow's  Arch.,  vol.  xciii.,  1883. 
Handley,  W.  S.,  "  Cancer  of  the  Breast  and  its  Operative  Treatment."  1906. 
von  Hansemann,  Die  mikroskopische  Diagnose  der  hosartigen  Qeschiviilste.  1897. 
von  Hansemann,  "  Carcinoma,"  Real-Encykl.  Eulenherg,  1908. 
von  Hansemann,  Atlas  der  hosartigen  Geschwiilste.  1910. 
Heath,  C,  Injuries  and  Diseases  of  the  Jaws.  1894. 


BIBLIOGRAPHY 


Jaeger,  "  Die  Melanosareomatose  der  Schimniflpfcrdo,"    Virchoivs  Arch.,  vol. 
excviii.,  1909. 

Kanzler,     Ueber  d.  Dimndarmskrebs,"  Beilr.  z.  kliii.  Chir.,  vol.  xlviii.,  190G. 
Klebs,  Alliieineine  Pathologic.  1889. 

Knauss,  ""  Zur  Kenntniss  der  iicliten  Neurome,"  Virchoiuis  Arch.,  vol.  cliii.,  1898. 
Krompecher,     Zur  Histogenese  u.  Morphologie  der  Mischgesclivviilste  der  Haut," 

Zij  ^jlrr's  Britr.,  vol.  xliv.,  1908. 
Krompecher,  "  Die  Eutstehung  dev  Basalzellenkrebse,"  Zeit.^.  f.  Krcbsforschimg, 

llio.j. 

KUttner,     Ueber  die  intermittierende  Entziindung  de^-  Lymphangiome  (Makro- 

glossie,  etc.),"  Beilr.  z.  kiiii.  Chir.,  vol.  xviii.,  1897. 
Kuttner,  "  Ueber  die  Lymphgefasses  und  Lyniphdriiscn  der  Zungo  mit  Beziehung, 

auf  die  Verbreitmig  des  Zungencarcinoms,''  ibid.,  vol.  xxi.,  1898. 
Kuttner,  "  Ueber  das  Peniscarcinom  und  seine  Verbreitung  auf  dem  Lymphwege,'' 

ibid.,  vol.  xxvi.,  1900. 
Langhans,  "  Ueber  die  eiJithelialen  Formeii  der  malignen  Struma,"  Virchoius 

Arch.,  vol.  clxxxviii.,  1907. 
Lendon,  Clinical  Lectures  on  Hydatid  Disease  of  the  Lungs.  1902. 
Malassez,     Sur  le  Role  des  Debris  Epitheliaux  Paradentaires,"  Arch,  de  Phijs., 

\ol.  v.,  l88o. 

Marchand.  "  Ueber  das  maligne  Cliorion-Epitheliom,"  Mortals,  f.  Geburtshilje  u. 

ililii..  1S9.3  ;  and  Zeits.  f.  Geburtshilje  u.  Gijn..  vol.  xxxix.,  1898. 
Martini,  "  Ueber   ilischtumoten    endothelialen  Ursprungs  der  Speicbeldriiscn,"' 

Virrlinir  s  Arch.,  vol.  elxxxix.,  1907. 
New  Sydenham  Society's  Atla'i  of  Pathology. 

Nicholson,  G.  W.,  ■■  Xew  Growths  of  the  Testicle,"  Guifs  Hosp.  Bepts..  vol.  Ixi., 
1907. 

Nicholson.  G.  W.,  '"  Kidney  Tumours,"  ibid.,  vol.  Ixiii.,  1909. 
Olshausen.  Kranhheiteii  d.  dvarien.  1886. 

Oppenheini,  •■  Die  ticsehwiilste  d.  Gehirns,"  Nothtiagel's  Spec.  Path.,  vol.  ix.,  1897. 
von  Recklinghausen,  Die  muliiplen  Fibrome  der  Haut:  1882. 

von  Recklinghausen,  ""  Die  fibrose  oder  deformierende  Ostitis  die  Osteomalacic  und 

(lir  csteopla-tische  Carcinose,"  Festschrift  f.  Vircliow,  1891. 
Ribbert,  a-.^rhiculsirlchre.  1904. 

Richards,  Owen,    Growths  of  the  Kidney  and  Adrenals,"  Guy's  Hasp.  Bepts.,  vol. 
lix.,  191)5. 

Rolleston,  H.  D.,  and  L.  Jones,  "  Primary  Mahgnant  Disease  of  the  Vermiform 

Appendix."  Med. -Chir.  Tra>ts.,  vol.  Ixxxix.,  190(i. 
Schlagenhaufer,  ""  Ueber  das  Vorkommen  cliorionepitheliom-  und  traubenmoleu- 

ai  ti'ji  r  W  iielierungen  in  Teratomen,"  ]Vien.  kliii.  Woch.,  1902. 
Schmidt,  M.  B.,  "  Ueber  Krebszellenembolien  in  den  Lungenarterien,"  Naturf. 

n  r.^'i III  lid.  Braunschweig,  1897. 
Schmidt,  M.  B.,  "  Ueber  Secretiousvorgiinge  in  Krebscn  der  Sehilddriisc  u.  der 

Lel)er."  \' irchow's  Arch.,  vol.  cxlviii.,  1897. 
Schmidt,  M.  B.,  "  Die  vom  Zahnaj^parat  ausgelienden  Cysten  und  solide  Gesch- 

wiilste,"  Lu})arsch's  Ergcbnisse  d.  allgem.  Path.,  1902. 
Shattock,  ■■  Tumour-like  Formations  of  Fat,"  Lancet,  vol.  i.,  1909,  p.  899. 
Stiles,  H.  J.,  '■  Dissemination  of  Cancer  of  Breast,"  Brit.  Med.  Journ.,  1899. 
Stoerk,  ■"  Zur  Histogenese  der  Grawitz'schen  Nierengeschwiilste,"  Zieglcr's  Beitr. 

vdl.  xliii.,  1908. 
Thomson,  Alexis,  On  Neuroma  and  Ncurojibroinatosis.  1900. 
Trotter,  W.,  "  Hypernephroma,"  Lancet,  vol.  i.,  1909. 
Unna,  Ilistopathology  of  Skin  Diseases.  1890. 
Virchow,  Dir  Krankliafte  Geschwiilste.  1807. 

Volkmann,  "  Uel.)er  endothcLiale  Geschwiilste  der  Speiclieldriisen,"  Dcuts.  Zcit.  Chir. 

v.il.  xli.,  1899. 
Wilms,  Die  Mischgeschwiilste.  1902. 

Winkler,  "  Ueber  die  Betheiligung  der  Lympbgefasssystems  an  der  Verse lileppung 

bosartiger  Geschwiilste,"  Virchow's  Arch.,  vol.  cli.,  supp!.,  1898. 
Wintersteiner,  Das  Neuroepithelioma  Betince.  1897. 
Zrits  f.  Krcbsforschung,  1904-10. 


DROWNING 


By  ARTHUR  KEITH,  M.D.,  LL.D.Aber.,  F.R.G.S.Eng. 

Death  from  drowning  is  caused  by  the  entrance  of  water  or  of  other 
fluid  matter  into  the  air-passages  and  lungs,  thus  preventing  the 
renewal  of  the  air-content  of  the  lungs  and  the  respiratory  exchange 
of  the  tissues  which  are  necessary  for  life.  The  tissues  of  the  body 
do  not  die  simultaneously  in  the  drowned.  The  nerve-centres  are 
the  first  to  go,  and  in  twelve  to  eighteen  minutes  from  the  onset  of 
unconsciousness  the  vitality  of  the  central  nervous  system  cannot  be 
restored.  The  heart,  on  the  other  hand,  continues  to  work  feebly 
for  an  hour  or  more,  and  has  been  caused  to  beat  vigorously  again 
by  artificial  means  from  five  to  twenty  hours  after  death  of  the  central 
nervous  system.  Thus  it  will  be  apparent  that  a  speedy  restoration 
of  the  cerebral  circulation,  in  order  that  the  brain  may  have  its 
supply  of  oxygen  renewed  and  its  surplus  of  carbon  dioxide  removed, 
must  be  the  j^rinciple  on  which  all  methods  of  resuscitation  are  based. 

Stages  in  the  act  of  drowning. — It  is  convenient  to 
recognize  five  stages  in  the  act  of  drowning,  but  it  must  be  remem- 
bered that  they  are  not  sharply  demarcated,  and  that  the  rate  of 
their  occurrence  varies  with  the  individual.  In  some,  the  fifth 
or  final  stage  of  death  may  be  reached  in  five  minutes  ;  in  others, 
this  stage  may  be  protracted  to  twelve  or  in  some  to  even  twenty 
minutes.  The  -first  stage  following  immersion  is  that  of  apnoea, 
the  respiratory  movements  being  inhibited.  In  the  second  stage, 
wliich  commences  about  the  end  of  the  first  minute  of  immersion, 
the  respiratory  centres  are  stimulated  by  the  excess  of  COg  in  the 
blood  ;  involimtary  respiratory  movements  are  made,  with  the 
result  that  water,  notwithstanding  reflex  spasm  of  the  glottis,  is 
drawn  into  the  air-passages  and  lungs.  Not  all  the  water  inhaled 
is  expelled  again  ;  some  of  it  enters  the  dorsal  and  deeper  parts  of 
the  limgs  to  replace  the  air  forced  out  by  the  respiratory  movements. 
In  this  stage,  which  is  passed  through  in  the  second  and  third 
minutes  following  immersion,  a  remarkable  redistribution  of  the  air- 
content  of  the  lungs  takes  place  ;  the  air  is  drawn  from  the  dorsal 
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and  deeper  parts  into  the  more  superficial  anterior  and  lateral  parts  ; 
the  dorsal  or  posterior  part  becomes  water-logged,  the  anterior  part 
emphysematous.  The  blood  pressure  rises  ;  the  pulmonary  circulation 
becomes  more  and  more  embarrassed  by  the  distension  of  the  lung 
with  water  and  air ;  the  piilmonary  capillaries  become  engorged, 
and  the  circulation  almost  arrested ;  the  blood  accumulates  in 
the  systemic  veins,  and  the  surface  of  the  body  becomes  livid. 
In  this  stage  a  considerable  amomit  of  water  may  be  swallowed. 
By  the  end  of  the  tliird  minute  the  tinrd  stage  is  reached.  Con- 
sciousness is  lost ;  the  interrujjtion  of  the  respiratory  exchange  has 
already  affected  the  action  of  the  brain.  The  respiratory  move- 
ments become  expiratory  in  nature,  irregular,  then  vigorous,  and 
lastly  convidsive  ;  the  pulmonary  circulation  is  engorged  ;  the  capil- 
laries in  certain  areas  rupture,  and  haanorrhage  takes  place  ;  air  is 
forced  from  the  disturbed  air-cells  into  the  substance  of  the  lung, 
causing  interstitial  emphysema.  The  right  heart  is  engorged  and 
weakened  by  the  impossible  task  of  forcing  blood  through  the  lungs. 
The  arterial  blood-pressiu'e  falls  rapidly.  In  the  fotirth  stage,  which 
follows  quickly  on  the  last,  respiratory  movements  cease,  reflexes  are 
lost,  the  surface  of  the  body  may  become  pallid ;  the  blood  pressure 
has  fallen  almost  to  zero  ;  the  heart-beats  are  scarcely  perceptible. 
This  stage  ends  by  the  death  of  the  central  nervous  system.  In  the 
fifth  stage,  which  is  one  beyond  restoration,  the  muscular  and  organic 
systems  of  the  body  pass  gradually  into  rigor  and  death. 

Unfortunatelj',  there  is  nothing  in  the  appearance  of  the  appar- 
ently drowned  to  mark  the  foui-th  from  the  fifth  stage.  If  the  body 
is  warm  and  the  slightest  sign  of  heart-action  still  jjresent,  the  medical 
man  must  assume  that  his  patient  is  in  the  foui'th  stage  and  treat  liim 
accordingly.  That  the  period  of  immersion  does  not  provide  a  safe 
guide  is  proved  by  the  following  table  compiled  by  the  writer — 

Period  of  Immersion 

1  to  5  V>  to  \0        11      15  Over  15 

Successful   cases   of  res-      "I'nutes         mhnitcs        uiinutcs  mimte.t 

toration     .       .       .       234  89  14  4 

Unsuccessful  cases  .        .         13  21  12  16 

Treatment. — The  indications  for  treatment  are — 

Renew  the  air-content  of  the  lung. 

Assist  the  circulation,  especially  the  cerebral  blood  supply. 

Restore  and  maintain  the  body  temperature. 
These  indications  are  carried  out  in  the  following  manner  : — 

As  soon  as  the  patient  is  drawn  from  the  water,  lay  him  face 
downwards  across  a  folded  coat  or  artificial  pillow  in  the  boat 
or  on  the  bank,  as  the  case  may  be ;  insert  the  fingers  into  the 
mouth ,  to  see  that  it  is  free  of  foreign  matter ;  stand  astride  him  ; 
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rest  your  palms  on  the  lower  ribs,  and  gradually  compress  his 
body  by  your  own  weight,  thus  forcing  water  from  the  air-passages 


Fig.  169. — Schafer's  method  of  artificial  respiration  :  the  inspiratory 

phase. 


Fig.  170. — Schafer's  method  :  the  expiratory  phase, 

and  the  blood  from  the  heart  and  limgs  into  the  larger  vessels.  Then 
as  speedily  as  possible  apply  artificial  respiration.  The  method  to 
be  adopted  depends  on  the  age  of  the  patient.  Up  to  the  age  of  5 
years,  mouth-to-mouth  inflation  of  the  lungs  is  most  effective.  If 
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over  5  and  under  40  years,  and  even  over  40  if  the  operator 
is  unassisted,  the  method  of  artificial  respiration  introduced  by  Pro- 
fessor Schafer  sliould  be  adopted  (Figs.  169,  170).    In  people  over  40, 


Fig.  171. — Silvester's  method  :    the  expiratory  phase. 


Fig,  172. — Silvester's  method  :    the  inspiratory  phase. 


especially  in  heavy  individuals  and  when  assistant  operators  are  avail- 
able, the  Silvester  method  is  to  be  preferred  (Figs.  171,  172).  Which- 
ever method  be  adopted,  it  is  important  to  remember  that  a  vigorous 
application  may  do  more  harm  than  good,  by  increasing  the  damaged 
2  N 
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condition  of  the  lung.  It  is  not  litres  of  air  that  the  patient  requires 
to  restore  the  action  of  his  nerve  centres. 

Application  of  warmth. — It  is  important  that  at  the  earliest 
possible  moment  wet  clothes  should  be  replaced  by  dry  and  warm 
coverings,  and  the  body  temperature  gradually  restored  by  rubbing  and 
drying  the  skin  of  the  limbs  and  trunk.  Artificial  warmth  in  the  form 
of  hot  bottles  or  bricks  is  also  recommended,  with  the  proviso  that 
such  application  be  made  gradually.  Death  may  occur  after  a  tem- 
porary restoration  of  respiration,  owing  to  air-embolism  or  heart- 
failure.  The  water  in  the  air-passages  is  quickly  absorbed  and 
excreted,  but  pneumonia  may  follow  from  the  foreign  matter  thus 
carried  into  the  lungs. 

Methods  of  artificial  respiration.  Mouth-to-mouth  inflation. — 
After  the  preliminary  compression  of  the  body  in  the  face-down  pos- 
ture, turn  the  patient  on  the  back,  place  one  hand  lightly  over  the 
epigastrium,  close  the  nostrils  with  the  other  ;  breathe  gently  into 
the  patient's  mouth  until  the  epigastrium  is  felt  to  heave  ;  then  com- 
press the  epigastrium.    Repeat  twenty  times  per  minute. 

Schdfer  method. — 1.  The  patient  and  operator  are  placed  as  shown 
in  Fig.  169.  The  operator's  hands  rest  over  the  lowest  ribs  on  each 
side  of  the  spine. 

2.  The  operator  brings  his  own  weight  gradually  on  to  his  hands 
and  arms  (Fig.  170)  ;  the  patient's  chest  is  compressed  ;  air  and  blood 
are  forced  from  the  thorax  :  this  is  the  expiratory  movement. 

3.  The  operator  again  assumes  the  position  shown  in  Fig.  169  ;  the 
thorax  expands  ;  air  is  drawn  into  the  lungs.  These  movements  are 
repeated  twelve  times  per  miniite,  and  are  continued  until  the  spon- 
taneous respirations  return.  Even  in  apparently  hopeless  cases  such 
movements  should  be  continued  for  at  least  one  hour. 

Silvester  method. — After  a  preliminary  compression  of  the  body  in 
the  prone  position,  the  patient  and  operator  are  placed  as  shown  in 
Fig.  171.  Turn  the  face  to  the  side,  draw  forward  the  lower  jaw  and 
tongue  to  secure  an  open  condition  of  the  pharynx. 

1.  The  operator  seizes  the  patient's  arms  as  shown  in  Fig.  171,  and 
allows  his  weight  to  fall  on  them,  thus  forcing  the  arms  against  the 
patient's  thorax  and  causing  a  preliminary  expiration. 

2.  The  arms  are  then  raised  into  the  position  shown  in  Fig.  172,  the 
elevation  being  accompanied  by  an  inward  rotation  of  the  arms,  thus 
rendering  the  pectorals  taut  and  causing  the  thorax  to  expand  and 
air  to  be  drawn  in.  The  inward  rotation  of  the  arms  is  absolutely 
essential.  These  movements  are  carried  on  at  the  rate  of  fifteen 
respirations  per  minute. 

The  Schafer  method  is  simpler  and  easier  than  the  Silvester,  but 
less  eft'ective. 


EXAMINATION  OF  THE  BLOOD  AND  OF  THE 
CEREBRO-SPINAL  FLUID 


By  J.  M.  BEATTIE,  M.A.,  M.D. 

EXAMINATION  OF  THE  BLOOD 

The  surgeon  cannot  afford  to  dispense  witli  blood  examination  as 
an  aid  to  diagnosis,  but  to  him  it  is  of  much  less  value  than  to  the 
physiciaji.  For  differential  diagnosis,  of  course,  he  needs  it.  A  case 
of  tuberculosis  may  be  closely  simulated  by  a  case  of  typhoid  fever  ; 
a  case  of  pysemia  may  present  the  paroxysmal  fever  of  malaria.  Blood 
examination  in  such  cases  would  not  only  be  an  aid  to,  but  might 
definitely  settle,  the  diagnosis.  Therefore,  without  wishing  to  magnify 
the  importance  of  blood  examination,  I  hold  that  more  accurate  diag- 
noses might  be  made  if  it  were  more  largely  practised  ;  and  if  it  were 
a  routine  practice  with  both  surgeon  and  physician  much  valuable 
information  would  be  obtained  and  there  would  be,  at  any  rate,  less 
dogmatism  from  the  cytologist  and  less  contempt  for  his  observations 
from  the  surgeon. 

It  is  unnecessary  here  to  deal  with  the  blood  pictures  of  pernicious 
anaemia,  of  the  various  forms  of  leukaemia,  and  of  those  other  diseases 
in  which  the  examination  of  the  blood  is  the  determining  factor  in 
the  diagnosis.  These  diseases  are  for  the  physician,  and  though  they 
not  infrequently  come  undiagnosed  to  the  surgeon,  and,  it  may  be, 
even  remain  for  some  time  undiagnosed  by  him,  they  must  be  omitted 
from  a  purely  surgical  text-book. 

MICROSCOPICAL  EXAMINATION 

For  the  surgeon,  blood  examination  is  almost  synonymous  with 
leucocyte-counting,  for  it  is  on  this  increase  of  the  leucocytes  that 
the  surgeon  may  depend  both  for  aid  in  his  diagnosis  and  for  help 
in  determining  the  time  for  operation.  (Plate  1,  Frontispiece  ;  and 
Plate  34.  Figs^  1,  2.) 

Leucocytosis. — Strictly  speaking,  this  term  means  an  increase 
in  the  white  cells  of  the  blood,  but  it  has  come  to  be  used  especially 
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for  those  cases  in  which  there  is  an  absolute  increase  in  the  poly- 
morphonuclear cells  in  the  peripheral  blood  (Plate  1,  Fig.  1). 
Tliis  increase  may  be  physiological  or  pathological. 

Physiological  increase  is  seen  after  food,  but  this  increase  is 
never  very  considerable.  Attempts  have  been  made  to  utilize  this 
digestion-leucocytosis  as  an  aid  to  differential  diagnosis  between  simple 
ulcer  and  cancer  of  the  stomach,  it  being  alleged  that  in  the  latter 
digestion  -  leucocytosis  is  absent.  This  statement,  however,  is  not 
fully  borne  out,  for  in  some  cases  of  gastric  cancer  the  leucocytosis 
certainly  occurs. 

During  the  last  months  of  pregnancy  the  leucocytes  may  reach  an 
average  of  12,000  or  13,000.  By  some  authorities — e.g.  von  Limbeck 
— this  is  regarded  merely  as  a  digestion-leucocytosis,  brought  about 
by  the  need  of  additional  nourishment  for  both  mother  and  child. 
Others  regard  the  leucocytosis  as  a  result  of  auto-intoxication. 

Apart  from  the  conditions  stated,  it  may  be  taken  as  a  general  rule 
that  a  leucocytosis  of  12,000  or  more  means  the  absorption  of 
toxic  or  bacterial  products,  and  must  be  regarded  as  a  means 
of  protection.  A  good  leucocyte  response  is  favourable,  and  a  feeble 
leucocytosis  means  very  often  that  the  attacking  agent  is  extremely 
virulent,  or  that  the  leucocyte-forming  tissues  are  exhausted.  The 
severity  of  an  attack  is  not  proportioned  to  the  leucocytosis  ;  a  very 
slight  abscess  may  bring  about  a  great  increase  in  leucocytes,  whilst 
a  fatal  infection  may  give  rise  to  a  very  sUght  increase.  On  the  other 
hand,  a  good  leucocyte  response  very  often  means  a  hopeful  prognosis. 

A  leucocytosis,  no  matter  how  marked,  is  of  no  value  in  deter- 
mining the  site  or  even  the  exact  natm-e  of  the  focus  of  infection. 
Thus,  acute  cerebro-spinal  meningitis  will  give  a  leucocyte  count  of 
40,000,  but  a  similar  degree  of  leucocytosis  may  be  found  in  a  case  of 
peritonitis.  Localized  pus-formation  in  any  part  of  the  body  gives 
rise  to  a  leucocytosis,  and  it  is  therefore  obvious  that  blood  ex- 
amination can  only  be  of  value  in  combination  with  other  diagnostic 
methods. 

A  single  examination  of  the  blood  may  in  some  cases  be  of  great 
value,  but  systematic  and  regular  examination  from  day  to  day  is 
much  more  important,  at  any  rate  from  the  point  of  view  of  the 
surgeon. 

It  may  be  laid  down  as  a  general  rule  that,  in  a  man  whose  leu- 
cocyte-forming tissues  are  in  good  condition,  a  gradually  increasing 
leucocytosis  means  a  gradual  spread  of  the  inflammatory  process,  and 
therefore  may  be  an  indication  for  operative  interference. 

Emerson  states  that  at  the  Johns  Hopkins  Hospital,  in  appendicitis 
and  in  all  acute  abdominal  cases,  after  the  first  suggestive  symptom 
the  leucocytes  are  counted  every  hour,  and  that  with  a  rising  leu- 


Fig.  1. — Normal  blood. 


Fig.  2. — Typi;s  of  cells  found  in  the  blood:  'i,  small  lymphocytes; 
-■'t  large  lymphocytes  ;  large  lymphocyte  with  dark-staining 
protoplasm  ;  'A  large  hyaline  cells  ;  *  -  polymorphonuclear  leuco- 
cyte ;  /,  polymorphonuclear  leucocytes,  immature  forms; 
A',  myelocytes:  myelocytes  showing  mitosis;  ^.  eosinophile 
leucocyte  and  myelocyte  ;  degenerated  polymorphonuclear 
leucocyte  ;        mast  cell. 


Plate  34. 
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cocytosis  an  operation  is  performed  without  delay,  even  though  the 
abdominal  signs  are  very  slight.  If  the  leucocyte  number  is  high,  but 
stationary,  when  the  patient  is  first  seen,  one  can  wait ;  but  if  rising 
even  slightly,  there  should  be  no  delay. 

It  should  always  l)e  remembered  that  a  normal  count  is  of  little 
importance,  some  of  the  most  severe  and  fatal  cases  showing  no 
increase  in  leucocytes.  A  count  of  12,000  to  15,000  indicates  an  active 
inflammatory  process,  and  one  of  20,000  or  more  probably  means  defi- 
nite abscess-formation  with  absorption  of  toxic  products. 

Typhoid  fever. — A  count  at  regular  and  short  intervals  is 
of  great  importance,  especially  in  a  case  where  the  possibility  of 
perforation  is  being  considered.  Normally  the  leucocytes  are  not 
increased  in  this  disease,  and  an  increase  always  means  the  onset  of 
some  complication.  The  exact  nature  of  this  complication  cannot 
be  determined  from  the  leucocyte  count  alone,  but  the  knowledge 
of  this  blood  alteration  puts  the  surgeon  on  his  guard.  If  the  abdo- 
minal symptoms  indicate  perforation,  the  surgeon  will  operate,  irrespec- 
tively of  any  leucocyte  count  ;  but  with  a  rising  leucocyte  count  and 
with  very  slight  local  signs  an  operation  would  also  be  justifiable. 
Emerson  claims  that  in  the  Johns  Hopkins  Hospital  30  per  cent,  of 
the  cases  of  perforation  have  been  saved  by  adopting  this  method  of 
operation  on  the  evidence  of  a  rising  leucocyte  count,  always,  of  course, 
in  comltination  with  other  diagnostic  methods. 

Malignant  disease. — In  about  60  per  cent,  of  cases  there  is 
a  moderate  leucocytosis,  which  seems,  however,  to  depend  partly  on 
the  site  of  the  tumour,  the  eiiect  it  has  upon  the  nutrition  of  the 
patient,  and  the  amount  of  hsemorrhage  and  necrosis  that  is  present. 
Little  value,  however,  can  be  given  to  leucocytosis  as  a  diagnostic 
aid.  It  bears  no  relation  to  the  kind  of  tumour,  though  it  is  more 
common  with  sarcomas  than  with  cancers,  and  it  bears  little  upon  the 
situation  of  a  tumour.  In  malignant  stricture  of  the  oesophagus  there 
is  generally  a  leucopenia,  but  this  is  the  leucopenia  of  starvation  ;  in 
cancer  of  the  stomach  a  leucopenia  is  of  frequent  occurrence,  though  a 
leucocytosis  is  more  common.  It  is  said  that  the  leucocytosis  is  gener- 
ally high  in  cancers  of  the  tliyroid,  pancreas,  and  kidney. 

Tuberculosis  and  syphilis  show  the  same  variation  in  regard 
to  leucocytosis  in  different  cases,  and,  in  consequence,  too  much 
importance  must  not  be  attributed  to  this  feature  in  diagnosis.  In 
uncomplicated  cases  of  tuberculosis  no  leucocytosis  may  be  present, 
whereas  in  others  a  lymphocytosis  may  be  quite  marked.  In  some 
cases  of  pure  tuberculous  meningitis,  in  its  early  stage,  a  polymorpho- 
nuclear leucocytosis  is  found.  In  certain  cases  of  pulmonary  tuber- 
culosis with  cavity  formation  an  eosinophilia  has  been  described,  and 
has  been  regarded  as  a  sign  of  auto-intoxication  from  the  cavity,  since 
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it  also  occurs  after  the  injection  of  tuberculin.  Acute  niiliary  tuber- 
culosis may  present  a  lympbocytosis  or  a  polymorphonuclear  leuco- 
cytosis.  Tuberculosis  of  the  serous  membranes  perhaps  more  com- 
monly than  not  shows  no  leucocytosis.  Emerson  reports  22  cases  of 
tuberculous  peritonitis  with  a  leucocytosis  in  only  9  ;  Cabot,  60  cases 
with  a  leucocytosis  in  14.  In  tuberculosis  of  glands  there  may  be  a 
leucopenia,  the  leucocytes  may  be  normal  in  number,  or — and  especi- 
ally after  caseation  has  commenced — there  may  be  a  lymphocytosis. 
In  tuberculosis  of  bones  there  is  no  leucocytosis  until  a  secondary 
infection  sets  in. 

In  sypJdlis  a  lymphocytosis  is  seen,  especially  in  the  secondary 
and  tertiary  stages  of  the  disease  ;  but  many  cases  show  no  evidence 
of  leucocytosis. 

Post-operative  leucocytosis. — An  increase  of  leucocytes  to 
even  10,000  during  the  first  twenty-four  or  thirty-six  hours  after  an 
operation  may  be  regarded  as  a  normal  process,  due  partly  to  the 
necessary  absorption  of  destroyed  tissue.  The  leucocytosis  in  such 
cases  bears  no  relation  to  the  pulse  and  temperature.  If,  however, 
the  leucocytosis  is  prolonged  beyond  thirty-six  hours,  and  especially 
if  it  shows  a  progressive  rise,  it  should  lead  to  the  suspicion  that 
septic  absorption  is  taking  place. 

Post-haemorrhagic  leucocytosis. — After  a  large  haemorrhage 
there  is  a  rise  of  leucocytes  within  about  an  hour  to  from  12,000 
to  18,000.  The  leucocytes  are  principally  of  the  polymorphonuclear 
type.  The  increase  lasts  for  only  a  few  days,  and  therefore  is  not 
likely  to  be  mistaken  for  a  leucocytosis  due  to  infection. 

Lymphocytosis. — From  the  surgical  point  of  view,  lympho- 
cytosis is  of  much  less  importance  than  polymorphonuclear  leuco- 
cytosis, and  is  of  very  little  value  in  relation  to  either  diagnosis  or 
treatment.  It  is  said  to  occur  in  connexion  with  cervical  adenitis 
in  children  ;  but  in  the  majority  of  cases,  at  any  rate,  this  is  merely 
the  lymphocytosis  of  tuberculosis.  In  lymphomas,  and  especially 
in  those  of  the  malignant  type,  a  lymphocytosis  may  be  a  marked 
feature.  In  syphilitic  and  in  tuberculous  infections  a  lymphocytosis 
is  usually  present,  though  the  absolute  increase  of  lymphocytes  may 
not  be  very  great. 

Eosinophilia  (Plate  1,  Fig.  2)  is  not  of  special  importance  to 
the  surgeon.  It  has  been  met  with  in  cases  of  chronically  enlarged 
spleen,  and  in  this  connexion  it  has  been  suggested  that  these  spleens  are 
functionless,  a  very  considerable  eosinopliilia  having  been  described 
as  occurring  in  cases  about  a  year  after  splenectomy.  A  large  number 
of  skin  diseases  are  accompanied  by  an  eosinophilia,  and  it  is  a 
common  manifestation  of  parasitic  infection.  In  trichinosis  and  in 
ankylostomiasis  it  is  of  very  considerable  diagnostic  value. 
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BACTERIOLOGICAL  EXAMINATION  OF  THE  BLOOD 

If  microscopical  examination  of  the  blood  is  not  sufficiently  attended 
to,  it  may  be  said  that  the  bacteriological  examination  is  almost  entirely 
neglected  by  many  surgeons,  and  yet  in  many  cases  its  value  can  hardly 
be  over-estimated.  The  withdrawal  of  the  blood  should  be  treated 
as  a  surgical  operation,  and  thorough  cleanliness  of  the  skin,  the  syringe, 
etc.,  is  necessarily  of  supreme  importance.  From  10  to  20  c.c.  of 
blood  should  be  withdrawn  from  the  vein  chosen,  which  is  usually 
the  median  basilic  or  cephalic.  In  very  obese  jjeople  it  may  be  neces- 
sary to  incise  the  skin  ;  but  this  should,  if  possible,  be  avoided.  Where 
the  vein  is  not  prominent,  pressure  on  it  above  tlie  point  of  puncture 
may  make  it  sufficiently  evident.  In  young  children  it  is  often  a 
great  advantage  to  bandage  the  arm  from  the  fingers  upwards  i-fter 
the  upper  bandage  has  been  apphed. 

The  blood,  immediately  it  is  withdrawn,  sliould  be  distributed  in 
broth  or  in  melted  gelatin  and  tubes,  or  in  tubes  or  flasks  of  media 
specially  suited  to  the  organism  whose  presence  is  suspected.  The 
amount  of  blood  in  each  tube  or  flask  varies,  in  relation  to  the 
quantity  of  medium,  from  equal  parts  to  1  in  5  or  1  in  100.  As  a 
general  rule,  the  more  feebly  growing  organisms  require  a  greater 
quantity  of  blood,  but  too  much  blood  may  inhibit  the  growth 
of  organisms.  After  an  incubation  period  of  twenty-four  hours, 
examination  of  the  cultures  may  be  undertaken  in  various  ways,  the 
methods  differing,  of  course,  for  different  organisms  {see  under  Surgical 
Bacteriology,  pp.  1-89). 

The  value  of  blood  cultures. — In  cases  of  general  infec- 
tion with  pyogenetic  organisms,  in  ostoo-myelitis,  etc.,  the  strepto- 
cocci or  the  staphylococci  may  usually  be  obtained  in  pure  culture. 
Typhoid  bacilli  have  been  demonstrated  in  the  blood  in  a  consider- 
able proportion  of  cases  before  even  the  Widal  test  has  been  positive. 
Pneumococcal  infections  may  show  the  presence  of  the  organism  in 
the  blood. 

This  information  is  important  for  diagnostic  purposes,  and  tlie 
above  method  of  procedure  is  often  the  easiest  and  most  certain 
way  of  getting  a  culture  for  the  preparation  of  a  vaccine. 

Agglutination  phenomena. — The  Durham-Grlinbaum,  or, 
as  It  is  more  commonly  calletl,  the  Widal,  reaction  for  typhoid 
fever  has  already  been  described  (p.  43).  Its  importance  in  the 
diagnosis  of  typhoid  fever  is  unquestioned.  This  same  reaction, 
however,  has  a  much  wider  application,  and  has  now  been  applied 
to  various  organisms  with  more  or  less  definite  results.  Considerable 
aid  from  the  reaction  is  given  in  the  diagnosis  of  dysentery,  para- 
typhoid and  paracolon  infections,  Malta  fever,  etc. 
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EXAMINATION  OF  THE  CEREBRO-SPINAL  FLUID 

Although  the  examination  of  the  cerebro-spinal  fluid  as  a  valuable 
means  of  diagnosis  is  now  sufficiently  established,  it  must,  like  all 
laboratory  methods,  be  used  only  to  supplement  and  not  to  supplant 
the  ordinary  clinical  investigation  of  the  patient.  Thus,  the  presence 
of  a  great  excess  of  lymphocytes  in  cerebro-spinal  fluid  does  not  of 
itself  help  us  very  far  in  our  diagnosis,  but  in  conjunction  with  the 
clinical  history  and  clinical  examination  it  may  definitely  confirm 
an  otherwise  doubtful  diagnosis  of  tuberculous  meningitis. 

In  amount  the  cerebro-spinal  fluid  has  considerable  variations, 
and  is  relatively  most  abundant  in  the  first  years  of  life.  From  10  to 
15  c.c.  can  usually  be  easily  obtained  in  health,  and  in  most  patho- 
logical conditions  there  is  an  increase  up  to  as  much  as  100  c.c. 

Normally  the  fluid  resembles  distilled  water  in  colour,  though 
there  may  be  a  slight  cloudiness  or  even  a  faint  yellowish  colour.  In 
pathological  conditions  the  fluid  drawn  off  may  consist  of  almost  pure 
blood,  or  it  may  be  bile-stained  in  cases  of  jaundice,  turbid  from  the 
presence  of  inflammatory  cells,  or  even  distinctly  purulent. 

No  changes  of  diagnostic  importance  have  been  observed  either  in 
its  reaction  or  in  its  specific  gravity  in  pathological  conditions.  The 
reaction  is  normally  alkaline  and  the  specific  gravity  1006-1010.  In 
its  normal  condition  it  is  practically  free  from  morphological  elements, 
contains  a  small  quantity  of  protein,  and  about  0"1  per  cent,  of  glucose, 
or,  at  any  rate,  of  a  reducing  body  resembling  glucose.  In  patho- 
logical conditions  the  albumin-content  may  be  considerably  increased 
and  the  reducing  agent  may  show  considerable  variation  in  amount, 
being  absent,  according  to  some  observers,  in  tuberculous  and  in 
epidemic  cerebro-spinal  meningitis.  Urea  is  present,  but  no  patho- 
logical significance  can  be  attached  to  it.  Cholin  is  present  normally 
in  very  small  amount,  but  in  pathological  conditions,  especially  those 
associated  with  nerve  degeneration,  it  may  be  considerably  increased. 
The  method  of  determining  its  presence  must  be  left  to  special  books 
on  the  nervous  system  or  text-books  of  diagnostic  methods. 

Chemical  examination  has  not  so  far  yielded  results  of  much  prac- 
tical importance,  at  any  rate  to  the  surgeon,  and  usually  the  examina- 
tion of  the  fluid  is  confined  to  its  cytology  and  its  bacteriology. 

MICROSCOPICAL  EXAMINATION 

It  may  be  taken  as  a  general  rule  that  the  presence  of  large  numbers 
of  polymorphonuclear  leucocytes  indicates  an  acute  infection  of  the 
spinal  meninges,  whilst  a  great  excess  of  lymphocytes  over  the  other 
cells  is  evidence  of  a  more  chronic  process. 


Fig,  1. — Gerebro-spinal  fluid  :   acute  infection.     (From  a  case  of 
epidemic  cerebro-spinal  tneniniiitis  ) 


Fid-    2.— Gerebro-spinal  fluid,    got    by    lumbar   puncture,  showing 
lympliocytosis.    (From  a  case  of  tuberculous  meningitis.) 

Plate  35. 
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Tuberculous  meningitis. — The  fluid  may  be  clear,  opalescent, 
or  even  distinctly  purulent.  The  cellular  constituents  are  in  most  cases 
mononucleated  cells — lymphocytes  or  cells  of  the  lymphocyte  type. 
(Plate  35,  Fig.  2. )  In  some  cases,  however,  especially  in  those  which 
run  a  very  acute  course,  the  main  mass  of  the  cells  may  be  of  polymor- 
phonuclear type,  and  a  positive  diagnosis  can  only  be  given  if  the 
Bacillus  tuberculosis  is  found  in  the  films,  or  if,  as  the  result  of  inocula- 
tion, tuberculosis  is  produced.  No  doubt  a  lymphocytosis  (if  the 
clinical  symptoms  point  to  meningitis)  always  suggests  tuberculosis  ; 
but  many  errors  have  undoubtedly  arisen  from  too  much  depend- 
ence being  placed  on  this  single  piece  of  evidence.  It  has  been  shown 
conclusively  that  a  lymphocytosis  occurs  in  cases  of  general  paralysis 
and  in  locomotor  ataxia.  These  cases  do  not  usually  give  rise  to  any 
confusion,  but  this  lymphocytosis  is  also  present  in  syphihtic  lesions  of 
the  cord  and  membranes,  in  chronic  posterior  basic  meningitis  (cerebro- 
spinal meningitis),  in  any  chronic  irritative  process,  and  in  the  later 
stages  of  the  more  acute  infections,  whereas,  on  the  other  hand,  a 
polymorphonuclear  leucocytosis,  as  has  been  already  pointed  out, 
may  be  a  marked  featm'e  in  some  cases  of  tuberculous  meningitis. 
It  is  claimed  that  the  lymphocytosis  occurs  to  a  greater  degree 
in  tuberculous  cases  than  in  other  pathological  conditions ;  but, 
even  if  this  is  the  case,  only  accurate  counting  and  comparison 
with  a  considerable  number  of  cases  can  be  of  any  value  in  form- 
ing a  differential  diagnosis,  and  this  is  usually  quite  impracticable. 
With  our  very  best  counting  methods  the  limits  of  error  are  con- 
siderable, and,  with  the  methods  in  common  use,  reliable  information 
is  impossible. 

Epidemic  cerebro-spinal  meningitis  The  fluid  may  be 

transparent,  opalescent,  or  purulent,  but  the  cellular  elements  are, 
in  the  vast  majority  of  cases,  of  the  polymorphonuclear  type  (Plate  35, 
Fig.  1).  The  characteristic  organism  (see  p.  56)  is  found  in  the  cells, 
and  on  its  presence  the  diagnosis  is  based. 

Not  uncommonly  this  organism  may  be  associated  with  other 
bacteria,  such  as  the  pneumococcus,  streptococcus,  etc. 

Purulent  meningitis. — A  purulent  exudate  may  be  found,  as 
has  been  stated,  in  tuberculous  or  in  epidemic  cerebro-sj^inal  mening- 
itis. More  commonly,  however,  the  purulent  cases  are  due  to  other 
organisms — e.g.  the  pneumococcus,  streptococcus,  B.  influenzce,  etc. 
During  the  early  stages  the  exudate  is  composed  mainly  of  poly- 
morphonuclear ceUs,  but  in  the  later  stages,  and  especially  during 
convalescence,  cells  of  the  lymphocyte  type  may  be  present  in 
considerable  numbers.  Diagnosis  of  the  causal  organism  can  only 
be  made  by  careful  bacteriological  examination. 

Sleeping  sickness. — A  lymphocytosis  occurs,  but  the  only 
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point  of  diagnostic  value  is  the  finding  of  the  Trypanosoma  Gamhiense 
in  the  fluid. 

Serum  reaction — The  cerebro-spinal  fluid  has  been  used  for 
the  Wassermann  reaction  in  cases  of  syphilitic  origin.  There  is  much 
evidence  of  its  great  value  in  determining  the  cause  of  some  nervous 
diseases  whose  etiology  has  been  up  to  the  present  time  very  doubtful. 
It  is  claimed  that  in  definite  syphilitic  cases  a  positive  reaction  can 
be  obtained,  but  too  great  stress  cannot  at  present  be  laid  on  the 
value  of  the  Wassermann  reaction  as  an  absolute  diagnostic  test  for 
syphilis. 

Lumbar  puncture. — This  is  a  very  simple  operation,  and  one 
attended  with  practically  no  risk  of  damaging  the  spinal  cord,  as  the 
point  of  puncture  is  below  the  actual  limit  of  the  cord  and  the  fibres 
of  the  Cauda  equina  are  sufficiently  movable  to  escape  the  needle.  It 
is  well  to  keep  the  patient  in  bed  for  at  least  twenty-four  hours  fol- 
lowing the  puncture,  so  that  the  pressure  in  the  cerebro-spinal  cavity 
may  become  equalized.  The  patient  is  placed  on  the  left  side  near 
the  edge  of  the  bed,  the  knees  flexed  upon  the  abdomen,  and  the  site 
of  puncture  prepared  as  for  any  surgical  operation.  The  needle  used 
should  be  fairly  strong  and  from  5-10  cm.  long.  The  site  of  puncture 
should  be  at  the  lower  border  of  the  third  lumbar  vertebra,  and  usually 
slightly  to  one  side  of  the  middle  line,  or  just  immediately  above  a 
line  joining  the  highest  points  of  the  two  iliac  crests.  The  needle  is 
directed  slightly  upwards  and  inwards  until  the  dural  sac  is  reached, 
when  the  cerebro-spinal  fluid  should  flow  freely  and,  if  under  pressure, 
with  considerable  force.  No  aspiration  should  be  used  at  any  time. 
The  needle  must  be  pushed  in  with  sufficient  force  to  penetrate  the 
muscles,  etc.,  and  it  is  therefore  most  important  that  care  should  be 
exercised  lest  the  needle  suddenly  strike  the  vertebra  and  break. 


1.  —  Radiogram  of  anklf-joint,  secured, under 
ordinary  circumstances. 


Fig.  2. 


.  —  Radiogram  of  ankle-joint,  secured  in 
"  fixed  position." 


Fig.  3. — Maxillary  abscess. 


Plate  36. 


Fig.  4.— Unerupted  teeth. 


Fig.  I.    Calculus  in  sublinfjual  duct. 


Fig.  2. — To  illustrate  the  shadow  relationship  of  the 
ureters  and  kidneys.  A  and  B,  pelves  of  the  kidneys. 
The  straight  lines  indicate  the  lines  of  the  ureters. 


Fig.  3.— Radiogram  of  renal  region.    (Good  quality.) 

Plate  37. 


X-RAY  EXAMINATION 


By  W.  ironside  BRUCE,  M.D. 

This  method  of  examination  depends  on  the  property  of  penetration 
of  matter  possessed  by  a  radiation  from  an  electrically  excited  Crookes 
tube.     This  radiation  has  been  proved  to  be  outside  the  spectrum, 
and  has  been  named  X-ray.    It  may,  for  purjDOses  other  than  those 
required  by  the  expert,  be  looked  upon  as  a  source  of  light  which  has 
the  property  of  penetrating  the  tissues  to  a  greater  or  less  extent 
according  to  their  density,  and  the  shadows  cast  by  it  can  be  recorded 
on  a  photographic  plate,  or  may  be  viewed  with  the  naked  eye  by 
means  of  a  screen  composed  of  a  thin  layer  of  barium  platino-cyanide, 
a  substance  which  becomes  highly  fluorescent  in  the  presence  of  this 
radiation.     One  or  other  of  these  methods  is  used  for  the  recogni- 
tion of  pathological  conditions  existing  in  the  human  tissues.  TJie 
fluorescent  screen  appears  at  first  sight  to  be  an  easy  way  of  recog- 
nizing abnormahties.    Its  value  in  the  examination  of  the  thorax, 
where  the  movements  of  the  heart,  lungs,  and  diaphragm  have  to  be 
observed,  is  undoubtedly  very  great ;   but  as  an  accurate  means  of 
recognizing  any  abnormality  it  is  untrustworthy.    For  instance,  it  is 
possible  to  fail  to  recognize  simple  transverse  fracture  of  the  tibia  by 
its  means.    Its  use  is  therefore  to  be  deprecated  in  cases  where  great 
accuracy  is  necessary  ;  and  it  is  safer  and  better  to  make  use  of  the 
more  certain  method,  the  photographic  plate.    A  further  objection  to 
the  use  of  the  screen  is  that  the  constant  exposure  of  the  hands  and 
other  parts  of  the  body  of  the  observer  results  in  an  intractable 
and  dangerous  chronic  dermatitis.    By  using  a  photographic  plate  the 
danger  of  dermatitis  can  be  avoided,  since  it  is  not  necessary  to  expose 
the  hands  at  all  ;  and  at  the  same  time  greater  accuracy  is  ensured 
and  a  permanent  record  is  obtained. 

Although  examination  by  radiography  is  a  somewhat  tedious  pro- 
cedure in  comparison  with  direct  observation  by  the  fluorescent 
screen,  yet  it  is  less  difficult  if  the  photographic  side  of  this  method 
is  approaclied  in  a  proper  and  luisiness-like  manner. 

Interpretation  of  radiograms. — A  successful  result  in  X-ray 
examination  involves  a  clear  understanding  of  the  meaning  of  tlie 
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radiogram  produced.  Even  with  the  most  accurate  knowledge  of 
anatomy,  it  is  difficult  to  interpret  X-ray  shadows,  for  a  radiogram 
is  onhj  a  shadow,  and  the  outline  of  the  part  thus  demonstrated  is 
liable  to  great  variation.  For  example,  in  the  case  of  injury  to 
bone,  it  is  always  possible  to  secure  strong  and  accurate  X-ray 
shadows  of  the  part,  and  no  error  ought  to  be  made  in  diagnosis, 
yet  errors  of  this  kind  are  not  uncommonly  met  with.  To  avoid  such 
mistakes,  it  is  imperative  that  the  quaUty  of  the  radiogram  secured 
should  be  the  best  possible.  For  instance,  in  the  examination  of  the 
ankle-joint  and  the  bones  of  the  foot,  Plate  36,  Fig.  1,  is  a  radiogram 
which  is  flat,  indistinct,  altogether  wanting  in  detail,  whereas  Fig.  2  is 
a  radiogram  of  good  quality  of  the  same  ankle-joint  and  foot.  The 
interjjretation  of  the  latter  is  easy,  while  that  of  the  former  would  be 
almost  impossible  and  certainly  inaccurate. 

The  usual  practice  in  securing  radiograms  is  to  place  the  subject  in 
a  position  considered  likely  to  give  the  best  results,  and  then  roughly, 
almost  at  random,  to  place  the  tube  in  some  unknown  relation 
to  the  part  of  the  body  under  examination.  The  resulting  shadow  is 
often  of  no  value  because  it  is  wanting  in  detail  and  depth,  as  in  Plate 
36,  Fig.  1.  One  method  of  avoiding  tliis  fault  is  to  produce  stereo- 
scopic views  of  the  part  examined.  Two  views  having  been  secured 
in  stereoscopic  register,  and  placed  in  a  stereoscope,  the  part  can  be 
viewed  in  relief.  Theoretically,  then,  by  this  means  one  is  able  to  view 
the  parts  of  the  body  opaque  to  the  X-rays  as  they  would  appear  to  the 
naked  eye.  In  practice,  however,  this  method,  though  it  may  prove 
of  value  in  exceptional  circumstances,  is  laborious.  Moreover,  though 
the  parts  may  be  made  to  appear  in  relief,  they  are  not  really  as  one 
would  see  them  with  the  naked  eye,  but  are  still  X-ray  shadows. 

A  more  practical  method  is  to  ensure  that  in  all  cases  radiograms 
of  any  part  of  the  body  be  absolutely  comparable  with  one  another 
by  taking  care  to  maintain  the  same  relationsliip  between  the  X-ray 
tube  and  the  part  under  examination.  For  example,  in  maldng  an 
examination  of  the  ankle-joint  the  limb  is  placed  in  a  prescribed 
position,  and  the  anode  of  the  X-ray  tube — that  is,  the  actual  source 
of  the  X-rays — is  brought  into  accurate  relationship  to  the  tip  of  the 
internal  malleolus  by  a  simple  mechanical  contrivance,  the  details 
of  which  need  not  be  dealt  with  here.  This  relationship  between 
the  tube  and  the  ankle  can  always  be  reproduced,  and  therefore  the 
shadow  of  a  normal  ankle-joint  can  always  be  obtained  under  the 
same  conditions  for  comparison  with  the  radiogram  of  the  suspected 
ankle. 

In  this  way  not  only  is  the  surgeon  able  to  select  the  view  of  the 
part  which  will  have  the  depth  and  detail  necessary  for  proper  inter- 
pretation, but,  the  shadow  being  familiar,  he  can  more  easily  recognize 


Fig.  1. — Oxalate  calculus  in  kidney. 


I'lii.      -  1  he  same  calculus  lower  down  the  ureter, 
after  an  attack  of  colic. 


Plate  38. 
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any  abnormality.  The  radiogram  in  Plate  36,  Fig.  1,  as  already  stated, 
is  secured  under  the  conditions  usually  adopted,  whereas  Fig.  2  sliows 
one  secured  with  a  definite  and  known  anatomical  relationshijj 
between  the  bones  and  the  X-ray  tube,  namely,  with  the  anode  of 
the  tube  directly  opposite  the  tip  of  the  internal  malleolus. 

To  render  this  method  of  examination  more  perfect,  I  have  devised 
a  system  of  radiograpliy  containing  a  definition  of  the  relationships 
between  the  tube  and  tlie  various  parts  of  the  body  which  have  been 
found  to  give  the  most  useful  views,  and  also  radiograms  of  the 
normal  appearances  of-  each  part  at  the  ages  respectively  of  5,  15, 
and  2.5  years. 

By  using  this  system  the  surgeon  can  secure  a  radiogram  of  any 
23art  of  the  body,  of  the  requisite  standard  in  quality,  while  he  has 
at  hand  a  normal  radiogram  of  that  part  for  comparison  with  the 
abnormal. 

Having  secured  a  radiogram  of  good  quality,  it  is  necessary  for 
the  purpose  of  interpretation  that  it  should  be  viewed  in  a  suitable 
light.  The  best  for  the  purpose  is  a  bright  light  shaded  with  opal  in 
a  dark  room.  The  negative  may  be  viewed  at  its  best  while  still  wet. 
Considerable  loss  of  detail  follows  the  taking  of  prints,  which  for  this 
reason  may  greatly  detract  from  the  value  of  tlie  radiogram. 

It  is  a  mistake  to  suppose  that  X-ray  examination  in  the  diagnosis 
of  diseases  can  replace  the  older  and  well-tried  clinical  methods  of 
investigation  ;  it  is  merely  a  useful  means  of  acquiring  knowledge 
which,  in  conjunction  with  accurate  clinical  investigation,  leads  to 
a  more  correct  diagnosis  and  prognosis,  and  is  often  most  useful  by 
suggesting  a  more  suitable  line  of  treatment.  It  must  be  remembered 
that  this  method  of  investigation  has  been  in  use  only  a  comparatively 
short  time.  In  some  diseases  no  definite  statement  is  yet  possible 
tliat  may  not  prove  in  the  future  to  be  misleading. 

DISEASES  OF  THE  MOUTH,   JAWS,  PHARYNX, 
AND  SALIVARY  GLANDS 

X-ray  examination  is  found  to  be  useful  in  the  diagnosis  of 
some  diseases  occurring  in  the  above  situations.  In  abscess  of 
the  maxilla  the  exact  position  and  extent  of  the  abscess  cavity 
may  easily  be  discovered.  The  normal  dense  bone  in  the  situa- 
tion corresponding  to  the  abscess  is  replaced  by  more  translucent 
material,  which  is  sharply  difierentiated  fi'om  the  surrounding  bone. 
The  cause  of  the  abscess  may  also  be  ascertained  ;  thus,  should  it 
be  due  to  a  "  bedded  tooth-root,"  the  real  cause  of  the  trouble  may 
be  localized  and  dealt  with.  In  the  radiogram  of  a  maxillary  abscess 
(Plate  36,  Fig.  3)  the  sharply  defined  area  of  increased  translucency. 
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representing  the  abscess  cavity,  is  clearly  seen  in  the  position  in- 
dicated by  an  arrow,  and  the  lateral  incisor  is  evidently  the  tooth 
at  fault. 

Dentigerous  cysts  are  readily  recognized  by  the  presence  of 
unerupted  teeth,  which  are  plainly  distinguishable  by  X-ray  examina- 
tion. Plate  36,  Fig.  4,  is  a  radiogram  showing  how  simple  it  is  to 
demonstrate  unerupted  teeth. 

Sarcomas. — The  characteristic  appearance  of  these  tumours 
growing  from  bone  is  dealt  with  later,  but  in  the  jaw  their  recognition 
is  rendered  less  easy  on  account  of  the  difficulty  of  securing  an 
uninterrupted  view. 

Examination  of  the  pharynx. — X-ray  examination  of  the 
pharynx  is  most  useful  in  discovering  the  position  of  foreign  bodies, 
should  they  be  opaque  to  the  rays.  It  is  all-important  in  these 
investigations  to  attempt  to  secure  the  radiogram  without  any 
attempts  to  swallow,  or  other  movements,  on  the  part  of  the  patient. 
If  this  is  successfully  accomplished,  a  demonstration  of  the  outline 
of  the  pharynx  is  obtained,  and  the  exact  relationship  of  the  foreign 
body  to  recognizable  anatomical  sites  is  determined. 

The  jjresence  of  a  calculus  in  the  salivary  duct  is  easily  distinguish- 
able by  radiography,  and  will  be  found  illustrated  in  Plate  37,  Fig.  1. 
A  small  oval  opacity  is  to  be  seen  in  the  position  indicated  with 
an  arrow,  representing  a  calculus  in  the  sublingual  duct  close  to  its 
origin  in  the  gland. 

DISEASES  OF  THE  GASTRO-INTESTINAL  TRACT 

The  size  ard  position  of  the  stomach  may  be  ascertained  by  giving 
the  patient  a  meal  composed  of  bread-and-milk  and  bismuth.  The 
bread-and-milk  is  prepared  in  the  usual  manner,  but  of  thick  consis- 
tency ;  the  bismuth  is  best  made  up  in  the  form  of  an  emulsion  with 
pulv.  tragacanth.  co.  and  added  to  the  bread-and-milk  in  the  propor- 
tions of  one  ounce  to  the  pint,  care  being  taken  that  the  purest 
bismuth  carbonate  is  employed  ;  bismuth  subnitrate  is  unsuitable, 
owing  to  the  liability  to  ill  effects  from  large  doses.  On  viewing  the 
abdomen  with  the  fluorescent  screen,  the  outline  of  the  stomach  and 
its  relation  to  external  anatomical  points  can  now  be  easily  ascertained. 
This  method  of  investigation,  first  used  on  cats  by  Cannon,  has  upset 
many  preconceived  ideas  as  to  the  movements  and  normal  positions 
of  the  stomach.  Examining  the  human  stomach  in  this  way.  Hertz 
found  that  after  taldng  food  the  normal  position  of  the  organ  was 
vertical.  The  cardiac  half  of  the  stomach  was  in  a  condition  of  tone, 
which  gradually  increased  as  the  pyloric  half  emptied  itself  into  the 
duodenum.    Peristaltic  waves  occurred  only  in  the  pyloric  half,  and 
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these  movements  were  seen  distinctly  on  tlie  fluorescent  screen  as 
depressions  in  the  edge  of  the  shadows,  travelUng  slowly  and  with 
increasing  strength  to  the  pylorus.  The  functional  division  of  the 
stomach  into  a  cardiac  part  acting  mainly  as  a  reservoir  in  which 
salivary  digestion  can  continue  for  a  considerable  period,  and  a  pyloric 
part  concerned  in  the  thorough  mixing  of  the  food  with  the  gastric 
juice  and  the  regulation  of  its  passage  into  the  duodenum,  has  also 
a  definite  anatomical  basis. 

The  exact  value  of  this  method  of  investigation  of  pathological 
conditions  of  the  gastro-intestinal  tract  has  not  yet  been  determined  ; 
with  a  view  of  determining  it,  Schmieden  and  Hartel  have  inves- 
tigated 100  cases  of  stomach  disease.  The  cases  studied  consisted 
chiefly  of  simple  or  maUgnant  pyloric  obstruction,  but  there  were 
also  cases  of  cancer  in  other  parts  of  the  stomach.  No  very  high 
claims  for  the  method  could  be  established,  and  it  was  admitted  that 
there  were  many  difficulties.  Owing  to  the  difficulty  of  correct  inter- 
pretation of  the  signs,  it  must  therefore  be  used  merely  as  an  aid  to 
ordinary  physical  examination. 

Hertz  on  eight  occasions  made  skiagraphic  observations  at  short 
intervals  on  normal  individuals  who  had  taken  an  ordinary  meal  to 
which  one  or  two  ounces  of  bismuth  carbonate  had  been  added,  in 
order  to  determine  how  soon  the  first  traces  of  the  stomach-contents 
reached  the  csecum.  He  found  that  the  shadow  of  the  caecum  began 
to  appear  between  three  and  a  half  and  five  hours  after  the  food 
had  been  taken  ;  numerous  other  observations  less  accurately  carried 
out  were  all  in  accord  with  these  results.  Thus,  the  shadow  of  the 
caecum  is  always  obvious  before  that  of  the  stomach  has  disappeared. 
Presuming,  as  we  are  probably  justified  in  doing,  that  some  of  its 
contents  begin  to  leave  the  stomach  within  half  an  hour  from  the 
beginning  of  the  meal,  it  is  clear  that  the  average  rate  at  which  the  con- 
tents of  the  small  intestines  travel  is  22^  feet  in  four  hours,  or  5  feet 
7  J  inches  per  hour,  about  1  inch  per  minute.  The  rate  of  passage  is 
somewhat  slower  through  the  descending  colon  than  through  the  small 
intestine  ;  it  is  also  lessened  during  sleep.  When  the  meal  has  left 
the  stomach  its  position  and  behaviour  cannot  be  observed,  because 
in  the  small  intestine  the  food  is  too  diffused  to  be  opaque  to  the  rays  ; 
while  in  the  caecum  and  large  intestine  the  food  becomes  concentrated 
and  is  again  observable.  Any  obstruction  or  undue  delay,  however, 
even  in  the  small  intestine,  causes  a  concentration  of  the  bismuth  food 
above  tlie  obstruction,  and  therefore  an  opacity.  In  the  large  intestine 
its  passage  should  take  a  definite  time,  but  it  seems  to  be  abundantly 
clear  that  even  great  delay  must  not  be  supposed  to  be  the  result  of 
constriction  of  the  lumen  of  the  bowel. 

Another  method  of  investigation  of  the  abdomen  has  been  made 
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use  of  by  Professor  Goldmann.  Having  rendered  the  abdomen 
almost  completely  empty  by  starvation  and  purgation,  he  inflated 
the  large  intestine  with  air,  and  found  that  the  whole  abdomen 
became  much  more  translucent.  He  has  been  able  in  these  circum- 
stances to  demonstrate  the  presence  of  calculi  in  the  appendix,  and 
even  new  growths  of  the  intestine. 

The  difficulty  in  investigating  the  condition  of  the  stomach  and 
intestine  by  these  new  methods  is  that  the  value  of  the  observations 
made  is  not  yet  quite  clear.  For  example,  a  great  delay  may  occur 
in  the  passage  of  food  through  the  intestine  and  yet  no  definite 
obstruction  in  the  lumen  of  the  gut  be  discovered ;  or,  after  inflation 
of  the  large  intestine,  shadows  may  be  observed  which  may  or 
may  not  be  due  to  abnormal  conditions  of  the  intestine  or  of  the 
abdominal  contents. 

Gall-stones. — The  diagnosis  of  gall-stones  by  X-ray  examina- 
tion is  not  very  satisfactory,  yet  Beck  claims  that  by  a  method  of 
examination  devised  by  himself  he  gets  most  valuable  results. 
Gall-stones  are  certainly  opaque  to  the  rays,  and  a  large  single  stone 
casts  a  very  distinct  shadow,  but  the  movements  of  the  liver  with 
respiration,  combined  with  its  great  density,  render  difficult  the  de- 
monstration of  their  presence  in  the  living  subject.  The  indications 
by  X-rays  are  often  slight  and  very  indefinite.  It  would  appear  that 
if  the  result  of  X-ray  exainination  is  negative,  no  great  value  can 
be  attached  to  it,  whereas  if  the  result  is  positive  it  may  be  safely 
inferred  that  gall-stones  are  present. 

DISEASES  OF  THE  URINARY  TRACT 

In  no  branch  of  surgery  is  X-raj'  examination  of  such  service  as  in 
relation  to  the  urinary  system,  provided  the  examinations  be  properly 
carried  out.  The  methods  employed  differ  in  many  respects,  though 
they  mainly  resolve  themselves  into  mechanical  means  of  pressing 
the  abdominal  contents  away  from  the  kidney  and  at  the  same  time 
diminishing,  as  far  as  possible,  the  movements  of  the  kidney  during 
respiration.  The  writer's  method  of  carrying  out  the  examination  is 
one  that  has  given  good  results  and  requires  few  apparatus.  The 
anode  of  the  X-ray  tube  is  placed  immediately  below  the  spine  of  the 
second  lumbar  vertebra  ;  in  every  case  this  relationship  between  the 
anode  and  the  vertebrae  is  maintained.  To  obtain  a  certain  knowledge 
of  the  normal  relationship  of  the  kidneys  and  ureters  to  the  bones,  the 
ureters  and  pelves  of  the  kidneys  of  a  post-mortem  subject  were  injected 
with  an  emulsion  of  bismuth,  and  a  radiogram  was  secured  of  the  renal 
region  of  the  subject  with  the  anode  of  the  tube  in  the  usual  relation 
to  the  second  lumbar  vertebra.    Plate  37,  Fig.  2,  illustrates  the  shadow 
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relationsliip  of  the  ureters  and  both  Iddneys  as  demonstrated  in  this 
experiment.    The  circles  a  and  b  represent  the  pelves  of  the  kidneys, 

and  the  straight  lines  the 
line  of  the  ureters.  The 
position  of  the  patient  is 
also  of  some  importance 
(Fig.  173)  ;  he  is  j^laced. 
lying  face  downwards,  with 
his  arms  by  his  sides,  on  a 
canvas-topped  couch,  under 
whicli  the  tube  is  arranged  ; 
and  in  order  to  restrict 
as  far  as  possible  the  move- 
ments of  the  diaphragm, 
-.oiigll^^^^H  and  consecjuently  of  the 
kidneys,  a  pad  or  com- 
pressor is  placed  under  the 
abdomen,  with  the  whole 
weight  of  the  patient  rest- 
ing upon  it.  The  com- 
pressor pad  (composed  of 
pure  wool  wound  into  a 
ball,  about  8  inches  wide 
and  5^  inches  deep,  of  the 
shape  illustrated  in  Fig.  174)  pushes  the  abdominal  contents  away 
from  the  renal 
region,  and  per- 
mits more  perfect 
illumination  of 
these  parts. 

It  is  often  diffi- 
cult to  secure  a 
radiogram  of  good 
quality  —  firstly, 
on  account  of  the 
density,  and. 
secondly,  because 
of  the  vagaries, 
of  the  patient. 
With  regard  to 
the  first  difficulty, 
stout    people  of 

considerable  mus-        pig.  174.— Compressor  pad  for  use  in  X-ray 
cular  development  examination  of  renal  region. 


Fig.  173. — Position  of  patient  in  X-ray 
examination  of  renal  region. 
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frequently  cause  a  greater  amount  of  trouble  than  merely  obese 
patients.  The  use  of  an  abdominal  compressor,  combined  with  fre- 
quent examinations,  starvation,  and  effective  evacuation  of  the 
intestines,  generally  results  in  a  radiogram  of  good  quahty,  even  in 
the  densest  subject.  A  renal  radiogram  of  good  quality  should  show 
the  following  characters:  (1)  complete  symmetry;  (2)  the  lumbar 
vertebrae  should  be  sharp  and  distinct  in  outline  ;  (3)  the  margin  of 
the  psoas  muscle  should  be  easily  made  out ;  (4)  the  outline  of  the 
kidney  on  either  side  should  be  readily  discernible.  Plate  37,  Fig.  3, 
is  a  radiogram  showing  these  points.  If  such  a  radiogram  as  this  be 
secured,  there  is  no  reason  why  a  positive  or  a  negative  diagnosis 
should  not  be  reUed  upon  ;  but  where  a  radiogram  does  not  attain  tliis 
standard  its  quality  should  be  taken  into  consideration,  so  that  the 
X-ray  diagnosis  (positive  or  negative)  may  be  estimated  at  its  true 
worth.  In  order  to  bring  renal  examinations  to  a  successful  conclusion 
it  is  essential  that  the  examination  should  not  be  carried  out  hurriedly  ; 
not  only  is  it  indispensable  that  the  intestine  be  properly  emptied,  but 
time  must  be  allowed  for  a  re-examination,  not  once,  but  twice  or 
thrice,  should  this  be  advisable.  Plate  38,  Fig.  1,  illustrates  this 
point.  The  patient  was  not  obese,  but  of  exceptional  muscular  develop- 
ment. He  was  submitted  to  X-ray  examination  twice,  but  on  neither 
occasion  was  the  intestine  sufficiently  empty,  and  the  radiograms  could 
not  be  classed  as  of  good  quality,  with  the  result  that  the  examina- 
tion was  negative.  Finally,  he  was  admitted  into  hospital ;  the 
bowels  were  thoroughly  evacuated,  the  irradiation  was  carried  out 
a  third  time,  and  the  radiogram  secured  on  this  occasion  showed  an 
opacity  representing  a  small  oxalate  calculus  in  the  kidney.  Figs.  2 
and  3  in  the  same  Plate  are  those  of  a  case  of  ureteric  calculus  in  which 
re-examination  not  only  verified  the  presence  of  an  opacity  in  the  line 
of  the  ureter,  but  made  the  diagnosis  more  certainly  correct.  Between 
the  examinations  the  patient  experienced  an  attack  of  colic,  and  the 
second  radiogram  showed  the  calculus  to  occupy  a  position  somewhat 
lower  down  the  line  of  the  ureter  than  on  the  former  occasion  ;  this 
observation  was  possible  through  the  radiogram  on  each  occasion  being 
secured  in  a  fixed  position.  In  Fig.  2  the  opacity  representing  the 
calculus  lies  in  close  relation  to  the  transverse  process  of  the  fifth 
lumbar  vertebra,  whereas  in  the  radiogram  from  the  second  examina- 
tion (Fig.  3)  it  lies  considerably  nearer  the  crest  of  the  ilium. 

In  considering  diseases  of  the  urinary  tract  from  an  X-ray  point 
of  view,  a  knowledge  of  the  clinical  history  is  highly  desirable  ;  it  is 
better,  however,  until  the  radiograms  have  been  viewed,  that  the 
observer  should  be  in  possession  of  no  information  other  than  that 
the  case  is  one  of  suspected  calculus.  In  this  way  the  radiogram 
is  viewed  Math  an  entirely  unbiased  mind  and  an  examination  of  the 
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whole  urinary  trtict  is  made.  A  provisional  diagnosis  having  been 
made  radiographically,  the  clinical  evidence  can  with  benefit  be  com- 
pared with  that  furnished  by  the  X-ray  examination,  it  being  of  the 
utmost  importance  that  neither  the  clinical  nor  the  X-ray  evidence 
should  have  a  prior  claim  in  the  diagnosis.  It  is  as  wrong  to  claim 
that  X-ray  evidence  is  infallible  as  to  decide  upon  operation  in  the 
face  of  strong  X-ray  evidence  to  the  contrary.  Many  cases  that  seem 
positive  on  an  X-ray  examination  may  prove  to  be  negative  when  con- 
sidered clinically,  and  vice  versa.  Tlie  following  cases  illustrate  this 
point.  In  the  first  case  (Plate  39,  Fig.  1)  the  patient  had  suifered  from 
an  attack  of  renal  colic  ;  the  pain  subsided,  and  the  urine  became  normal, 
a  calculus  having  presumably  been  passed.  X-ray  examination  revealed 
a,n  opacity  in  the  line  of  the  ureter,  which,  on  operation,  proved  to  be 
a  stone.  In  a  second  case  (not  illustrated)  the  patient  suffered  from 
repeated  attacks  of  renal  colic  with  sickness  and  hcematuria.  X-ray 
examination  on  three  occasions  revealed  nothing  to  suggest  renal  cal- 
culus, though  on  each  occasion  the  outline  of  the  kidney  on  the  affected 
side  was  seen  to  be  larger  than  the  normal.  The  symptoms  suggesting 
so  strongly  the  diagnosis  of  renal  calculus,  operation  was  decided 
upon,  but  no  calculus  was  found,  the  kidney  proving  to  be  tuberculous. 

Plate  39,  Fig.  2,  is  a  radiogram  of  a  case  in  which  there  was  no  other 
symptom  than  that  of  pus  in  the  urine.  There  was  neither  renal 
colic,  pain  in  the  back,  nor  sickness,  and  yet  284  stones  were  removed 
from  the  kidney ;  these  are  represented  in  the  radiogram  as  a  mass 
of  rounded  opacities  in  the  position  indicated. 

A  further  example  is  the  following  case — that  of  a  patient  who  during 
two  years  had  several  attacks  of  definite  right  renal  colic,  yet  never 
suffered  either  from  haematuria  or  increased  frequency  of  micturition. 
He  had  passed  at  least  twenty  or  thirty  small  calculi,  and  the  urine  was 
found  to  contain  no  albumin,  pus,  or  bacteria  ;  but  there  were  present 
a  number  of  calcium  oxalate  crystals.  Most  of  the  calculi  passed  were 
small  and  brown,  like  linseed  ;  two  of  them  were  white  and  angular 
in  shape.  On  examination  the  right  kidney  was  palpable  and  tender  ; 
the  left  could  not  be  felt.  With  the  exception  of  slight  tenderness 
in  the  iliac  fossae,  no  abnormality  was  diagnosed,  either  per  rectum  or 
bimanually.  X-ray  examination  (Plate  39,  Fig.  3)  revealed  two  opacities, 
both  almost  in  the  line  of  the  ureter,  typical  in  shape  and  strongly 
suggesting  the  presence  of  impacted  calculi.  With  the  cystoscope 
the  bladder  was  found  to  be  normal  ;  the  ureteric  orifices  were 
normal,  and  there  was  a  clear  efflux  of  urine  on  both  sides.  The 
ureteric  catheter  was  passed  withovit  obstruction  to  tlie  pelvis  of 
the  kidney  on  either  side. 

In  the  interpretation  of  the  opacities  observed  in  the  renal  region, 
difficulties  have  to  be  faced,  apart  from  mere  technical  faults  easily 
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recognized,  such  as  pliotograpliic  stains,  etc.  ;  but  with  experience  it 
is  quite  possible  to  avoid  most  of  these  and  to  appreciate  the  value  of 
X-ray  evidence.  Thus,  in  Plate  39,  Fig.  4,  and  Plate  40,  Figs.  1  and  2, 
the  opacities  in  the  renal  region  in  the  positions  indicated  afford  such 
strong  evidence  of  the  presence  of  calculus  that  the  diagnosis  may  be 
safely  made,  even  in  the  absence  of  clinical  support. 

It  must,  however,  be  allowed  that  at  times  X-ray  examination 
may  appear  to  render  cases  even  more  obscure  and  difficult.  For 
instance,  a  healthy  young  woman  had  a  sudden  attack  of  severe  pain 
in  the  right  loin  extending  to  the  groin  and  vulva,  accompanied  by  a 
strong  and  even  imperative  desire  to  micturate.  Right  hsematuria  was 
observed  to  last  a  few  d&js  ;  and  a  second  attack  similar  to  the  first 
came  on  about  three  months  later.  On  examination,  the  right  Iddney 
was  just  palpable  on  deep  inspiration  ;  the  left  could  not  be  felt.  Cysto- 
scopically  the  bladder  was  found  to  be  healthy ;  the  ureteral  orifices 
were  normal,  with  a  clear,  rapid  efflux  on  either  side.  The  urine  con- 
tained a  little  albumin  and  a  few  hyaline  casts,  but  no  blood.  X-ray 
examination  (Plate  40,  Fig.  3)  showed  two  distinct  opacities — one  on 
the  left,  the  other  on  the  right  side — suggesting  a  calculus  impacted 
in  the  lower  part  of  each  ureter  in  the  positions  indicated. 

It  is  most  important,  in  examining  the  renal  region,  that  both  sides 
should  be  dealt  with  at  the  same  time,  irrespectively  of  clinical  indica- 
tions. Such  cases  as  the  following  emphasize  this  caution.  In  the 
first  the  symptoms  of  renal  calculus  were  complained  of  on  the  right 
side  only,  yet  in  the  radiogram  of  this  case  (Plate  40,  Fig.  4)  an  opacity 
is  seen  strongly  suggesting  a  calculus  in  the  pelvis  of  the  left  kidney. 
The  second  case  is  one  in  which  severe  pain  was  complained  of  in 
the  right  groin,  and  yet  in  the  radiogram  (Plate  41,  Fig.  1)  an  opacity 
is  plainly  discerned  near  the  lower  end  of  the  left  ureter.  Subse- 
quently to  this  discovery,  pain  was  comj^lained  of  on  the  left  side, 
and  eventually  a  small  calculus  was  passed  per  urethram.  In  a  third 
case  the  exjjlanation  of  the  j)resence  of  pus  in  the  urine  was  sought 
for  by  X-ray  examination  after  other  methods  of  diagnosis  had 
failed.  In  Fig.  2  there  is  ample  evidence  in  both  kidneys  of  the 
cause  of  the  pyuria.  Had  only  one  side  been  examined,  sufficient  evi- 
dence would  have  been  procured  to  warrant  operative  interference — a 
measure  which  is  contra-indicated  by  the  condition  of  the  other 
kidney. 

By  X-ray  examination  it  is  possible  to  secure  further  information 
than  that  of  the  jjresence  of  a  calculus  in  the  kidney,  ureter,  or  bladder. 
Cases  with  the  clinical  symptoms  of  renal  calculus  ma,y,  in  X-ray 
examination,  show  no  apparent  calculus,  but  may  be  found  to  pre- 
sent evidence  of  enlargement  of  the  kidney  outline,  not  detected  by 
palpation.     Therefore   the   X-ray   appearances    may  suggest  renal 
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tuberculosis  rather  than  calculus.  Plate  -11,  Fig.  -3,  is  a  radio- 
gram of  a  boy  suffering  from  attacks  of  renal  colic  associated 
with  pus  in  the  urine.  In  view  of  the  evidence  of  enlargement  of 
the  outline  of  the  kidney,  without  any  opacity  that  might  correspond 
to  a  stone,  a  diagnosis  of  tuberculous  kidney  was  made,  which  was 
confirmed  by  autopsy. 

The  size  of  the  outline  of  the  kidney  is  also  important  in  cases  of 
renal  calculus  where  there  is  a  prospect  of  nephrectomy.  In  the 
radiogram  of  such  a  case  (Plate  38,  Fig.  1)  in  which  a  large  oxalate 
calculus  is  to  be  seen  in  the  cortex  of  the  left  kidney,  compensatory 
enlargement  of  the  right  kidney  is  clearly  discernible.  Furthermore,  the 
position  and  size  of  the  calculus  or  calculi  in  relation  to  the  pelvis  or 
the  cortex  of  the  Iddney  can  often  be  indicated.  Plate  41,  Fig.  4, 
demonstrates  three  stones — one  in  the  pelvis,  one  in  the  lower  pole, 
and  another  in  the  cortex  of  the  kidney. 

Diseases  of  the  bladder. — In  diseases  of  the  bladder,  X-ray 
examination  is  often  of  great  value.  Calculi  in  the  bladder  are  often 
distinguishable  ;  therefore  radiograjjhy  should  be  employed  in  cases 
where  it  is  inadvisable  to  employ  the  cystoscope  or  sound,  or  when 
the  cystoscope  is  not  available  and  examination  with  the  sound  has 
given  a  negative  result.  It  is  important  to  remember,  however,  that 
it  is  not  uncommon  to  find  in  the  bladder  pure  uric-acid  calculi  which, 
unless  they  be  of  large  size,  are  not  capable  of  demonstration.  In 
such  cases  a  negative  diagnosis  is  therefore  not  of  great  value,  especi- 
ally if  the  urine  be  sterile  or  uric-acid  crystals  be  present.  When  in\s 
is  present  the  calculi  are  probably  composed  of  or  coated  with  jDhos- 
phates,  and  as  such  would  be  opaque  to  the  ravs  and  likely  to  cast  a 
shadow. 

Plate  42.  Fig.  1.  is  a  radiogram  of  a  case  in  which  the  usual 
exploration  for  vesical  calculus  with  the  sound  was  carefully  made 
with  the  patient  under  an  anaesthetic.  The  result  of  the  examination 
was  negative  ;  3'et  in  the  radiogram  an  obvious  vesical  calculus  is  1  o 
be  made  out.  Fig.  2  is  a  radiogram  of  a  case  of  an  elderly  man 
with  symptoms  of  cystitis,  whom  it  was  thought  inadvisable  to  examine 
either  by  sound  or  cystoscope  ;  in  the  position  indicated  a  collection  of 
phosphatic  calculi  is  to  be  seen. 

Prostatic  calculi. — In  radiograms  of  the  bladder  region  the 
difference  in  jDOsition  between  prostatic  and  vesical  calculi  is  a  ques- 
tion of  some  importance.  In  a  radiogram  secured  with  the  tube 
centred  below  the  symphysis  of  the  pubes,  prostatic  calculi  are  easily 
recognizable  (Plate  42.  Fig.  3). 

Foreign  bodies  in  the  urethra  or  bladder. — Discovery 
and  locahzation  of  foreign  bodies  m  the  urethra  or  liladder,  if  such 
bodies  be  opaque  to  the  rays,  is  a  matter  of  small  difficulty. 
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DISEASES  OF  THE  FASCIA 

The  attachments  of  fascia  may  become  the  seat  of  osteophytic 
deposits,  which  in  certain  situations,  such  as  the  attachments  of  the 
plantar  fascia  to  the  os  calcis,  may  cause  considerable  pain  and  dis- 
comfort on  walking.  Plate  42,  Fig.  4,  is  a  radiogram  illustrating  this 
condition. 

INJURIES  AND  DISEASES  OF  JOINTS 

Sprains  and  strains. — In  these  injuries  a  radiogram  will  fre- 
quently enable  the  surgeon  to  recognize  the  presence  of  detached 
fragments  of  bone  and  fractures  involving  the  joint,  and,  as  a  con- 
sequence, suitably  to  modify  treatment.  In  sprains  of  the  ankle-joint, 
for  example,  it  is  not  unusual  to  find  small  fragments  of  bone 
detached  from  the  tip  of  the  fibula  or  the  malleolus  of  the  tibia.  Bad 
sprains  of  an  osteo-arthritic  joint,  with  osteophytes  springing  from  the 
articular  margins,  are  commonly  found  to  be  associated  with,  fracture 
of  these  outgrowths,  the  symptoms  being  similar  to  those  of  fracture 
of  the  bone  itself.  Only  by  X-ray  examination  is  it  possible  to  recog- 
nize this  condition  with  accuracy. 

Congenital  dislocation  of  the  hip-joint.— The  facility  with 
which  this  disease  can  be  recognized  is  demonstrated  in  Plate  43,  Fig.  1. 
Here  is  seen  a  distinct  dislocation  of  the  left  joint.  X-ray  examination 
is  an  important  adjunct  to  the  successful  treatment  of  this  disease  by 
Lorenz's  method.  Thus,  information  is  derived  as  to  the  likelihood  of 
a  successful  reduction  by  observing  the  degree  of  malformation  of 
the  acetabulum,  the  amount  of  distortion  of  the  upper  epiphysis  of  the 
femur,  and  the  relative  positions  of  the  acetabulum  and  the  head  of 
the  femur.  After  manipulation  the  position  of  the  head  of  the  femur 
and  its  relation  to  the  acetabulum  are  easily  ascertained  while  the  limb 
is 'still  in  plaster.  Fig.  2  shows  a  case  similar  to  that  in  Fig.  1,  but 
with  the  limb  in  Lorenz's  position  in  plaster.  During  the  process  of 
getting  the  limb  down  from  the  abducted  position.  X-ray  examinations 
are  of  value  in  ascertaining  the  maintenance  of  the  correct  relation  of 
the  bones. 

Traumatic  dislocations. — Not  only  does  X-ray  examination 

render  easy  the  diagnosis  of  simple  dislocations  from  fractures  of  the 
bones,  but  it  also  ai?ords  a  satisfactory  means  of  differentiating  fracture 
associated  with  dislocation  from  simple  dislocation.  Thus,  Plate  43, 
Fig.  3,  is  an  example  of  fracture  of  the  neck  of  the  humerus  com- 
plicated with  dislocation  forwards  of  the  detached  head.  Moreover, 
it  supplies  a  method  of  ascertaining  the  success  or  failure  of  efforts 
to  reduce  the  dislocation,  and  gives  information  of  value  towards 
the  correct  estimation  of  the  prognosis.    Plate  43,  Fig.  4,  illustrates  a 


Fig.  1.— Charcot's  disease  ol  hip.joint  (hypertrophic). 


Fig.  2.— Charcot's  disease  of  knee-joint  (atrophic). 


Fig.  3. — Loose  bodies  in  knee-joint. 

Plate  47. 
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subastragaloid  dislocation  of  the  tarsal  and  metatarsal  bones  of  the  feet, 
leaving  the  astragalus  and  os  calcis  in  situ.  Clinically,  the  appearance 
of  the  limb  in  this  case  was  suggestive  of  extensive  injury  to  bone, 
yet  the  radiogram  shows  that  practically  no  injury  to  bone  existed, 
and  that  reduction  would  be  followed  by  recovery  of  function  in  a 
very  short  time. 

All  dislocations  should  be  readily  recognized  by  X-ray  exami- 
nation, and  leave  no  doubt  as  to  their  presence.  In  dealing  with 
the  small  bones  of  the  hand  and  foot,  cases  will  occur  occasionally  in 
which  the  radiograms  are  a  little  difficult  to  interpret,  but  a  careful 
comparison  with  the  normal  generally  results  in  a  sure  diagnosis. 
Figs.  1  and  2,  Plate  44,  radiograms  of  the  elbow-  and  the  shoulder- 
joint  respectively,  show  examples  of  dislocations  associated  with 
slight  fractures. 

Dislocations  of  the  jaw  and  the  sternal  end  of  the  clavicle  are, 
on  account  of  the  difficulty  in  securing  uninterrupted  shadows,  the 
hardest  to  demonstrate  ;  but  clinical  investigation  of  these  joints  is 
generally  sufficiently  accurate.  Errors  are  common  in  fractures  and 
dislocations  about  the  elbow -joint,  especially  in  children  ;  thus,  a 
fracture  of  the  humerus  immediately  above  the  lower  epi^shysis.  with 
backward  displacement  of  the  lower  fragment  and  elbow-joint,  is  not 
uncommonly  regarded  as  a  simple  dislocation  of  both  bones  of  the 
forearm  backwards.    Plate  44,  Fig.  3,  is  a  good  example  of  such  a  case. 

Dislocation  may  be  associated  with  fracture  of  the  bone  at  some 
distance  from  the  joint  affected.  For  example,  in  Fig.  4  a  dislocation 
of  the  head  of  the  radiiis  forwards  is  associated  with  fracture  of  the 
ulna  at  some  distance  from  the  elljow-joint  ;  therefore,  in  making  an 
X-ray  examination  of  a  dislocated  joint,  the  condition  of  the  bones 
at  some  distance  from  the  joint  should  be  observed. 

Displacement  of  the  semilunar  cartilage  of  the  knee- 
joint. — By  inflating  the  synovial  cavity  of  the  knee-joint  with  sterile 
oxygen  it  is  possible  to  secure  a  useful  demonstration  of  the  cartilages 
of  the  joint ;  thus  the  diagnosis  of  dis^^lacement  of  the  cartilage  can 
readily  be  arrived  at.  Investigation  of  such  cases  in  the  ordinary  way 
by  radiogram  is  often  of  some  assistance,  for  it  may  be  found  that 
the  symptoms  of  displaced  cartilage  may  be  caused  by  arthritis 
associated  with  osteophytic  outgrowth,  or  by  the  presence  of  loose 
bodies. 

Traumatic  myositis  ossificans. — In  cases  in  which,  after 
reduction  of  a  dislocation,  full  movement  is  not  recovered,  the  existence 
of  the  above  disease  may  be  suspected.  The  appearance  of  an  elbow- 
affected  by  this  disease  is  clearly  seen  in  Plate  45.  Fig.  1,  where  ossi- 
fication is  in  progress  in  the  position  indicated. 

Acute  arthritis. — In  cases  of  acute  osteo-myelitis.  in  which, 
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even  after  operation,  it  is  doubtful  whether  the  neighbouring  joint 
is  involved,  X-ray  examination  frequently  enables  the  question  to 
be  settled.  If  the  joint  is  affected  by  acute  arthritis  the  bones 
become  irregular  in  structure  and  their  articular  margins  irregular 
in  outline. 

Gonorrhceal  arthritis. — The  appearance  presented  by  a  joint 
affected  by  this  disease  I  have  found  to  be  characteristic.  The  bones 
are  markedly  more  translucent,  and  their  structure  can  be  seen  to  be 
irregular ;  but  no  alteration  in  outline  of  the  articular  surfaces 
is  to  be  made  out  (Plate  45,  Fig.  2). 

Gouty  arthritis. — In  cases  of  this  disease  little  or  no  change  in 
the  normal  aspect  of  the  joint  may  be  observable,  but  the  mere  fact 
that  such  is  the  case  is  a  useful  indication  of  the  mode  of  treatment 
and  serves  to  indicate  the  prognosis.  In  chronic  gout  there  may 
develop  appearances  very  similar  to  those  seen  in  true  osteo-arthritis 
with  osteophytic  outgrowth  from  the  articular  margins  of  the  joint. 
In  investigating  the  condition  of  the  larger  joints  it  is  advisable  to 
secure,  in  addition,  a  radiogram  of  the  bones  and  joints  of  the  hand  ; 
the  presence  of  periosteal  nodes  at  the  attachments  of  the  lateral 
ligaments  of  the  interphalangeal  joints  affords  a  fairly  constant  indica- 
tion of  gouty  inflammation.  Plate  45,  Fig.  3,  is  an  example  of  such 
nodes.  In  a  doubtful  case  of  inflammation  of  a  large  joint,  demon- 
stration of  such  nodes  on  the  bones  of  the  hand  may  lead  to  a  correct 
diagnosis  of  gout. 

Rheumatoid  arthritis  (chronic  rheumatism,  poly- 
articular rheumatoid  arthritis). — The  characteristic  bony 
lesions  of  this  disease  can  best  be  seen  in  the  bones  of  the 
hand.  There  are  present,  in  relation  with  the  articular  surfaces,  dis- 
tinct areas  of  necrosis  which  have  a  "  punched-out "  appearance. 
These  areas  may  be  sufficiently  extensive  in  the  case  of  the 
first  phalanges  to  cause  by  mere  loss  of  bony  tissue  the  ulnar 
deflection  of  the  fingers  which  is  generally  present.  Plate  45,  Fig.  4, 
is  the  radiogram  of  such  a  case,  showing  necrosis  of  the  base  of  the 
phalanges  associated  with  ulnar  deflection.  All  the  bones  of  the  hand 
are  found  to  be  more  translucent  than  is  normal,  and  the  carpal  bones 
lacking  details ;  the  carpus,  as  a  whole,  presents  a  conglomerate, 
"  mushed-up  "  appearance — that  is,  the  individuality  of  the  bones  is 
lost  and  the  articular  surfaces  of  the  lower  ends  of  the  radius  and  ulna 
are  also  irregular  in  outline.  Plate  46,  Fig.  1,  is  a  radiogram  of  a  case 
showing  sharply  circumscribed  areas  representing  a  loss  of  bony  tissue. 
Fig.  2  is  a  radiogxam  of  a  case  exhibiting  similar  areas  ;  here,  however, 
the  general  bony  changes  are  well  marked.  Fig.  3  is  a  radiogram  of 
a  knee-joint  in  a  case  of  rheumatoid  arthritis  where  very  extensive 
bony  changes  are  observable. 
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Monarticular  osteo-arthritis. — This  disease  is  character- 
ized by  osteophytic  outgrowth  from  the  articular  margins  of  the 
bones  which  enter  into  the  affected  joint.  As  a  whole,  the  bones  of 
the  joint  are  decidedly  more  translucent  than  the  normal,  and  their 
structure  is  usually  irregular.  Takijig  the  hip-joint  as  the  most 
usual  site  of  this  disease,  the  changes  observable  are  as  in  Plate 
46,  Fig.  4,  where  the  inner  portion  of  the  head  of  the  femur  shows 
abnormal  translucency.  This  area  of  greater  translucency  is  bounded 
on  the  outer  aspect  by  a  curved  line  of  greater  opacity,  the  convexity 
of  which  is  directed  outwards  ;  the  articular  surfaces  of  the  head  of 
the  upper  and  lower  profile  are  somewhat  irregular  in  outline,  and 
osteophytic  outgrowths,  irregular  in  shape  and  size,  are  to  be  seen 
in  the  position  indicated.  Fig.  5  is  an  example  of  a  case  in  which  the 
increased  translucency  of  the  head  of  the  femur  cannot  be  so  dis- 
tinctly seen,  but  excessive  osteophytic  outgrowth  is  readily  dis- 
discernible.  Figs.  4«.  and  5«  are  similar  views  of  normal  hip-joints 
for  comparison  witli  the  above. 

Hypertrophic  osteo-arthritis. — On  X-ray  examination  a 
joint  which  is  the  seat  of  this  disease  shows  little  increased  trans- 
lucency or  irregularity  of  structure  of  the  bones  entering  into  the 
joint,  but  osteophytic  outgrowths  from  the  articular  margins  arc 
observable. 

With  regard  to  the  last  four  diseases  described,  viz.  gout,  rheu- 
matoid arthritis,  monarticular  and  liypertrophic  osteo-arthritis,  so 
far  as  the  etiology,  prognosis,  and  treatment  are  concerned  their 
position  is  somewhat  uncertain.  However  little  is  known  regarding 
these  diseases.  X-ray  examination  can  often  assist  diagnosis,  and  is  of 
great  aid  in  indicating  the  treatment  and  prognosis.  The  amount 
of  osteophytic  outgrowth  can  be  clearly  revealed,  and  the  extent 
of  the  bony  changes  in  rheumatoid  arthritis  readily  estimated.  In 
the  monarticular  arthritis  of  the  hip-joint  I  have  found  that  the 
appearance  of  increased  translucency  of  the  head  of  the  femur,  such 
as  is  to  be  seen  in  Plate  46,  Fig.  4,  suggests  that  the  disease  is  active, 
while  a  case  such  as  Fig.  5,  in  which  there  is  osteopliytic  formation 
with  little  increased  translucency,  suggests  that  the  disease  is  quiescent. 

In  rheumatoid  arthritis  (polyarticular)  it  is  possible  to  appreciate 
the  changes  in  the  articular  surfaces  of  a  joint,  and  to  estimate  the 
degree  of  these  changes,  and  so  to  learn  whether  a  joint  thus 
affected  is  able  to  regain  the  power  of  movement.  When  such 
cases  are  considered  clinically  there  may  appear  to  be  present  com- 
plete ankylosis  of  the  joint  which,  on  X-ray  examination,  can  be  seen 
to  be  due  neither  to  extensive  destruction  of  tlie  articular  surfaces 
nor  to  bony  ankylosis.  In  such  cases  treatment  may  be  undertaken 
with  some  reasonable  hoj^e  of  success. 
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Charcot's  disease. — The  appearance  presented  by  a  joint 
affected  by  tliis  disease  is  characteristic,  and  is  of  valuable  assistance  in 
making  a  correct  diagnosis.  Plate  47,  Fig.  1,  is  a  radiogram  of  the 
liypertrophic  variety  of  "  Charcot's  joint "  (the  hip)  ;  the  extensive 
formation  of  osteophytic  outgrowth  and  the  almost  complete  destruc- 
tion of  the  normal  outline  of  the  upper  end  of  the  femur  are  obvious, 
and  sufficient  to  distinguish  this  affection.  The  atrophic  variety 
affectina;  the  knee-joint  presents  an  appearance  such  as  that  seen  in 
Fig.  2.  ^ 

Loose  bodies  in  the  joints. — Loose  bodies  in  the  joints  are 
usually  easily  distinguishable.  In  the  radiogram  of  a  Imee-joint  (Plate 
47,  Fig.  3)  good  examples  may  be  seen  in  the  positions  indicated.  In 
the  knee  care  miist  be  taken  that  the  sesamoid  bone,  occasionally 
found  in  the  tendon  of  the  semitendinosus  muscle,  be  not  mistaken 
for  an  intra-articular  loose  body. 

Ankylosis. — It  is  usually  a  matter  of  little  difficulty  to  learn 
by  X-ray  examination  whether  bony  ankylosis  is  present.  Fibrous 
ankylosis  causes  practically  no  change  in  the  outline  of  the  articular 
surfaces,  whereas  bony  ankylosis  results  in  complete  obliteration  of 
the  interarticular  space. 

Tuberculous  disease. — TubeTculous  disease,  when  in  its  early 
stages,  or  when  confined  to  the  synovial  membrane,  produces  very 
shght  or  j^ractically  no  change  in  the  bones  entering  into  a  joint.  As 
in  the  case  of  simple  arthritis,  the  bones  may  show  some  increased 
translucency  and  irregularity  of  structure,  and,  on  the  whole,  changes 
such  as  these  are  usually  more  marked  in  tuberculous  than  in  simple 
arthritis.  Should  the  actual  site  of  the  disease  be  not  in  the  joint 
itself,  but  in  the  epiphysial  line,  or  in  the  bone  close  to  the  joint,  it 
is  possible  that  when  joint-symptoms  first  occur,  bony  changes  will 
be  plainly  observable  by  X-rays.  Thus,  in  Plate  48,  Fig.  1,  the  radio- 
grams of  the  knee-joint  (two  views  at  right-angle  planes)  show  tuber- 
culous osteitis  in  the  region  of  the  upper  epiphysis  of  the  tibia, 
which  was  associated  with  early  symptoms  of  tuberculous  arthritis. 
In  its  later  stages,  tuberculous  arthritis  shows  more  decided  bony 
changes,  such  as  marked  increase  in  translucency,  irregularity  of  and 
lack  of  detail  in  structure  of  the  bone,  and  irregularity  of  the  outline 
of  the  articular  surfaces  of  the  joint. 

Sometimes  in  children,  at  a  comparatively  early  stage,  characteristic 
hook-like  projections  may  be  observed  springing  from  the  articular 
surfaces,  but  at  every  age,  sooner  or  later,  definite  evidences  of  bony 
necrosis  are  observed,  the  necrotic  process  being  either  circumscribed 
or  general. 

Hip-joint. — In  children,  different  stages  of  this  disease  are  recog- 
nizable by  means  of  the  X-ray.    Thus,  in  Plate  48,  Figs.  2,  3,  and  4, 


hiil.  1. — Fracture  of  lower  end  of 
hbula.  piisturo-anterior  view."^ 


Fi;*.  2. — Fracture  of  lower  end  of  fibula, 
lateral  view. 


*  In  all  cases.  indicrLtions  of  aspect  refer  to  the  direction  of  the  rays. 
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there  are  respectively  seen — earl}'-  changes,  definite  bony  changes 
affecting  cliiefly  the  iliac  portion  of  the  acetabulum,  and  extensive 
changes  in  both  femur  and  acetabulum. 

Tuberculous  disease  of  the  hip- joint,  associated  with  necrosis  and 
the  formation  of  a  sequestrum  in  the  head  and  neck  of  the  femur,  is 
well  illustrated  in  Plate  49,  Fig.  1.  Here  is  to  be  seen  an  abscess 
cavity  containing  a  sequestrum  and  communicating  with  the  joint. 
Fig.  2  is  a  radiogram  of  a  case  in  which  a  similar  process  resulted  in 
collapse  of  the  neck  of  the  femur.  Tlie  differential  diagnosis  of  tul)er- 
culous  diseases  of  the  hip-joint  is  greatly  simplified  by  radiographic 
examination.  Even  in  the  early  stages,  when  little  or  no  evidence 
can  be  secured,  it  is  of  some  advantage  to  know,  should  the  disease 
l)e  suspected  clinically,  that  no  obvious  bony  change  has  developed. 
In  the  later  stages  the  extent  of  the  involvement  of  bone  may  be 
ascertained,  and  the  condition  of  the  joint  with  regard  to  treatment 
and  prognosis  deduced. 

Knee-joint.— As  in  the  case  of  the  hip-joint.  X-ray  examination 
may  be  useful  in  determining  the  extent  and  position  of  the  focus  of 
destruction  of  bone.  Plate  49,  Fig.  3,  shows  two  views  at  right-angle 
planes  of  a  knee-joint  in  which  the  position  and  extent  of  locaUzed 
tubercular  disease  of  the  lower  epiphysis  and  of  the  femur  are  seen 
in  the  position  indicated.  Fig.  4  shows  a  very  early  stage  in  which 
there  is  irregularity  of  outhne  of  the  articular  surface  of  the  lower 
epiphysis  of  the  femur,  together  with  increased  translucency  and 
irregularity  of  structure.  Plate  50,  Fig.  1,  demonstrates  late  and 
extensive  bony  changes  of  the  upper  epiphysis  of  the  tibia  and  the 
lower  epiphysis  of  the  femur. 

Carpus  and  tarsus. — In  children,  tuberculous  disease  of  the 
carpus  results  in  an  appearance  of  advanced  ossification  of  the  epi- 
physes, associated  with  irregularity  of  their  outline.  Plate  5U,  Fig.  2,  is 
an  example  of  tuberculous  disease  affecting  the  carpus.  In  tarsal  bones, 
should  the  disease  be  localized  in  one  joint,  it  is  possible  to  see  which 
joint  is  aft'ected,  and  to  what  extent,  as  in  Fig.  3 — a  case  of  disease 
of  the  scapho-astragaloid  articulation. 

Sacro-iliac  joint. — As  in  other  joints,  tubercidous  disease  asso- 
ciated with  destruction  of  the  bone  is  capable,  at  any  rate  in  its  later 
stages,  of  demonstration  by  X-ray  examination. 

BONE  FRACTURES 

The  possibility  of  securing  a  shadow  of  the  bones  by  X-rays  pro- 
vides a  certain  means  of  investigating  injury  of  these  structures  ; 
but  even  in  the  most  straightforward  cases  care  must  be  exercised.- 
Thus,  in  simjjle  fractures  of  the  long  bones  it  is  often  considered 
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sufficient  to  use  the  fluorescent  screen,  but,  inasmuch  as  a  simple 
transverse  fracture  of  such  a  bone  as  the  tibia  may  be  overlooked  by 
this  method,  it  will  be  realized  that  this  trouble-saving,  but  inaccurate, 
means  of  investigating  injuries  of  bone  must  be  relegated  to  a  position 
of  secondary  importance.  Plate  50,  Fig.  4,  is  the  radiogram  of  a  simple 
transverse  fracture  of  tibia  which  is  readily  demonstrable  in  the 
position  indicated,  and  yet  in  this  case  most  careful  examination  with 
the  screen  showed  no  sign  of  the  injury.  In  order  to  get  the  fullest 
and  most  accurate  knowledge  of  an  injury,  it  is  necessary  that  shadows 
should  be  secured,  not  in  one  plane  only,  but  in  two  planes  at  right 
angles  to  one  another,  for  it  is  possible  that  in  one  plane  the  ends  of 
the  fractured  bones  may  be  so  placed  that  the  presence  of  a  fracture 
may  remain  unsuspected.  Plate  51,  Figs.  1  and  2,  are  radiograms  of 
a  case  of  fracture  of  the  lower  end  of  the  fibula.  Fig.  1  being  a  view 
secured  in  a  postero- anterior  direction,  and  Fig.  2  a  view  in  a  lateral 
direction.  In  Fig.  1  the  fracture  is  unrecognizable,  whereas  in  Fig.  2 
its  presence  is  obvious.  The  simplicity  of  the  method  of  taking  two 
views  in  planes  at  right  angles  to  one  another  renders  it  very  suit- 
able for  gaining  a  true  idea  of  the  relative  jjositions  of  the  ends  of  the 
bone.  For  example,  Figs.  3  and  4  are  two  views  of  a  case  of  fracture 
of  both  bones  of  the  forearm,  1  inch  above  the  epiphysial  line.  In 
one  plane  the  apposition  and  alignment  of  the  fragments  appear  to 
be  satisfactory,  whereas  in  the  second  plane  there  is  very  marked 
maljjosition.  In  some  parts  of  the  body,  views  at  right-angle  planes 
are  not  obtainable  (except  in  children),  on  account  of  the  impossibility 
of  securing  an  uninterrupted  shadow  ;  thus  in  the  hip-joint  an  antero- 
posterior view  alone  is  possible,  for  the  thickness  of  the  body  inter- 
feres with  the  lateral  view.  In  examining  such  cases,  it  is  necessary 
that  the  view  secured  should  be  one  which  is  familiar  to  the 
observer,  the  smallest  abnormality  being  then  recognized  and  a 
diagnosis  made. 

Where  the  epiphysial  lines  are  still  present  it  is  sometimes 
difficult  to  distinguish  them  from  fractures,  but  a  mistake  should 
not  be  possible  when  the  epiphysial  lines  are  familiar  and  a  similar 
view  of  a  normal  bone  is  available.  Imperfect  shadows  may  exag- 
gerate deformity  and  give  an  altogether  erroneous  and  misleading 
impression  of  the  position  of  a  fracture.  The  experienced  interpreter 
will,  however,  make  allowances  for  such  exaggerations  and  distor- 
tions, and  will  thus  arrive  at  a  correct  estimate  of  the  position.  In 
fracture  cases,  as  elsewhere,  X-ray  examination  alone  and  unaided 
by  clinical  observation  will  not  supply  all  the  information  necessary 
for  the  formulation  of  a  correct  prognosis  ;  properly  used,  however, 
it  wiU  provide  an  absolutely  certain  diagnosis,  if  the  affected  part 
of  the  body  permit  an  uninterrupted  view.     Even  fractures  of  the 


Fig.  1. — Fracture  of  olecranon  process  of  ulna. 


Fig.  3. — Fracture  of  shaft  of  femur  invotving 
great  trochanter. 


Fig.  2.— Fracture  of  shaft  of  humerus.  Fig.  4.— Intracapsular  fracture  of  neck  of  femur. 


Plate  54, 
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skuU,  the  diagnosis  of  which  at  present  is  not  often  attempted  by 
X-rays,  can  frequently  be  demonstrated  if  the  head  and  the  X-ray 
tube  be  placed  in  proper  relative  positions  ;  the  possibility  of  such 
demonstration  is  proved  by  the  fact  that  in  certain  views  of  the  skull 
it  is  a  matter  of  common  knowledge  that  sutures  are  to  be  seen  clearly 
and  distinctly. 

The  varieties  of  injury  that  may  take  place,  for  example,  in  the 
case  of  the  shoulder- joint,  are  well  illustrated  by  four  of  the  accom- 
panjdng  radiograms.  Plate  52,  Fig.  1,  is  a  fracture  of  the  surgical  neck 
of  the  humerus,  Fig.  2  a  comminuted  fracture  of  the  head  and  neck  of 
the  humerus,  Fig.  3  a  comminuted  fracture  of  the  surgical  neck. 
Fig.  4  a  fracture  of  the  neck  of  the  scapula. 

Injuries  of  the  elbow-joint  in  childhood  are  confusing,  owing  to 
the  disposition  of  the  epiphyses.  The  radiograms  next  to  be  referred 
to  are  examples  of  some  common  injuries.  Plate  53,  Fig.  1,  is  a 
fracture  of  the  shaft  of  the  humerus,  just  above  the  lower  epiphysis, 
with  some  splitting  of  the  shaft  and  impaction  of  the  lower  fragment ; 
Fig.  2  is  a  partial  fracture  of  the  shaft,  just  above  the  epiphysis,  with 
slight  backward  displacement  of  the  lower  fragment ;  Fig.  3  shows 
two  views  at  right-angle  planes  of  a  fracture  of  the  external  condyle, 
with  much  displacement  forwards  and  outwards  of  the  detached  con- 
dyle and  epiphysis  of  the  capitellum. 

In  the  adult  the  common  injuries  that  take  place  in,  and  in  the 
neighbourhood  of  this  joint,  cair  more  easily  be  recognized.  Plate  53, 
Fig.  4,  shows  a  fracture  of  the  head  of  the  radius,  a  fragment  of 
which  lies  displaced  forwards.  Plate  54,  Fig.  1,  is  a  representation  of 
a  very  common  injury,  namely  a  fracture  of  the  olecranon  process 
of  the  ulna,  with  wide  displacement  of  the  upper  fragment  from  the 
shaft.  Fig.  2  shows  a  fracture  of  the  shaft  of  the  humerus,  about 
.  1  inch  above  the  elbow-joint,  with  displacement  forwards  of  the  lower 
fragment. 

Fractures  of  the  femur  at  no  great  distance  from  the  hi])- joint 
can  be  easily  and  certainly  recognized.  Fig.  3  shows  a  fracture  of 
the  shaft  which  also  involves  the  great  trochanter ;  Fig.  4,  an  intra- 
capsular fracture  of  the  neck. 

Displaced  epiphyses  are  readily  recognized.  Plate  55,  Fig.  1,  con- 
sists of  radiograms,  secured  at  right-angle  planes,  of  the  displacement 
of  the  lower  epiphysis  of  the  femur  forwards  and  inwards. 

Remarkable  injuries  that  may  occur  in  the  case  of  the  bones  of 
the  foot,  hand,  and  leg  are  seen  in  the  next  seven  radiograms.  Plate 
55,  Fig.  2.  shows  a  fracture  of  the  scaphoid  bone  of  the  carpus  in  the 
position  indicated,  no  displacement  of  the  fragments  being  observable  ; 
Fig.  3,  a  fracture  of  the  scaphoid  bone  of  the  tarsus,  with  much  displace- 
ment of  the  fragments  ;  Fig.  4,  a  fracture  of  the  os  calcis  ;  Plate  56, 
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Fig.  1,  another  fracture  of  the  os  calcis,  associated  with  detacliment  of 
the  tendo  Achillis  ;  Fig.  2,  a  fracture  of  the  lower  end  of  the  tibia  with 
cleavage  of  the  astragalus  ;  Fig.  3,  a  remarkable  fracture,  comminuted 
in  character,  of  the  lower  end  of  the  tibia  ;  Fig.  4,  a  fracture  of  the 
posterior  aspect  of  the  lower  end  of  the  tibia,  with  dislocation  back- 
wards of  the  ankle-joint. 

In  the  treatment  of  fracture,  tlie  apposition  of  the  ends  of  the  bone 
can  be  ascertained  by  means  of  the  X-rays,  after  the  limb  has  been 
set  up  in  splints  or  after  operation.  It  must  be  borne  in  mind  that 
it  is  not  possible  to  demonstrate  union  in  fractures  ;  that  is  to  say, 
there  may  be  a  complete  and  sound  union  of  a  bone,  but  on  X-ray 
examination  the  fracture  presents  an  appearance  precisely  similar  to 
a  recent  one.  Bony  union,  opaque  to  the  ray,  takes  place  later  ;  and 
the  period  occupied  in  laying  down  bone  at  the  seat  of  a  fract-ure 
appears  to  vary  in  different  individuals. 

DISEASES  OF  BONE 

Local  periostitis. — In  the  early  stages  of  such  a  disease  as  this 
no  change  in  the  normal  outline  or  structure  of  the  bone  is  distin- 
guishable by  the  X-rays.  Later,  in  an  acute  case,  there  may  be  made 
out,  at  the  seat  of  inflammation,  separation  of  the  periosteum  in 
the  neighbourhood,  with  some  irregularity  of  outline  of  the  bone 
in  the  immediate  vicinity  ;  such  an  appearance  is  suggestive  of  the 
presence  of  pus. 

In  chronic  cases,  such  as  post-typhoidal  periostitis,  the  bone  in 
the  position  affected  is  deformed  in  outline  and  of  increased  density. 
The  presence  of  pus  is  usually  indicated  by  areas  of  almost  complete 
translucency.  An  example  of  typhoidal  periostitis  of  the  tibia  without 
the  formation  of  pus  is  well  seen  in  Plate  57,  Fig.  1,  in  the  position 
indicated. 

Acute  osteo-myelitis. — In  the  early  stages  of  this  disease  no 
abnormality  of  outline  or  structure  can  be  observed  in  the  affected  bone. 
It  is  only  in  the  later  stages,  when  the  periosteum  has  laid  down  new 
bone,  and  the  formation  of  the  secjuestrum  is  well  advanced,  that  X-ray 
examination  is  of  any  value.  In  the  long  bones,  when  this  stage  has 
been  reached,  a  radiogram  plainly  shows  the  old  shaft  surrounded 
by  the  newly  formed  bone,  but  distinctly  separated  from  it  by  an 
area  of  increased  translucency.  When  the  sequestrum  has  been  formed, 
its  complete  separation  on  all  sides  can  usually  be  demonstrated  by 
X-ray  examination. 

Should,  however,  the  infective  process  become  localized,  altera- 
tions in  the  outline  and  structure  of  the  bone  become  visible  in  a 
radiogram  at  a  comparatively  early  stage.   As  has  already  been  shown. 


Fig.    I.  -  Displacement    of    lower    epiphysis  of 
femur  forwards  and  inwards. 


Fig.    2. — Fracture    of    scaphoid    bone  of 
tarsus. 


Fig.  3. — Fracture  of  scaphoid  bone  of  tarsus,  with  dis- 
placement of  fragments. 


Fig.  4. — Fracture  of  os  calcis. 

Plate  55. 


Fig.   1. — Fracture   of  os  calcis,  with  detacii- 
ment  of  tendo  Achillis. 


Fig.  3. — Comminuted  fracture  of  lower  end  of 
tibia. 


Fig.  2.— Fracture  of  lower  end  of  tibia,  with  cleav-         Fig.   4.— Fracture   of  posterior  aspect   of  tibia, 
age  of  astragalus.  with  dislocation  of  ankle-joint. 

Plate  56. 
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an  infective  process  localized  in  superficial  .layers  of  the  l  ione  produces 
there  a  local  osteitis  accompanied  by  periostitis,  a  condition  that  can 
easily  be  recognized,  and  one  that  presents  an  appearance  similar  to 
tliat  to  be  seen  in  Plate  57,  Fig.  1.  Should  the  infective  process  become 
localized  in  the  central  portion  of  the  ,  bone,  the  resultant  central 
abscess  is  capable  of  being  located  by  X-ray  examination.  For  example, 
in  Fig.  2  there  is  to  be  seen  a  central  abscess  of  the  upper  end  of  the 
humerus,  the  position  and  extent  of  which  are  easy  to  recognize.  Lying 
in  close  proximity  to  the  abscess  cavity,  a  number  of  small  fragments 
of  dead  bone  are  to  be  made  out. 

Chronic  osteo-periostitis. — This  di.sease  presents  an  exceed- 
ingly characteristic  appearance,  as  is  plainly  seen  in  Plate  57,  Fig.  3, 
wliich  shows  an  example  of  the  diffuse  form  in  the  shaft  of  the  tibia. 
The  increase  in  the  compact  layers  is  most  marked  towards  the  lower 
end.  In  this  position  the  outline  of  the  medullary  canal  is  entirely 
obliterated.  An  illustration  of  the  localized  form  of  this  disease,  also 
affecting  the  tibia,  is  seen  in  Fig.  4,  in  which  the  increase  in  the  com- 
pact layers  is  confined  to  the  central  portion  of  the  shaft,  but  without 
complete  obliteration  of  tlie  medullary  canal. 

TUBERCULOUS  DISEASE  OF  BONE 

Tuberculous  osteitis. — The  characteristic  appearance  produced 
by  this  disease  when  it  affects  the  short  bones  of  the  hands  and  feet  is 
brought  out  in  Plate  58,  Fig.  1,  where  the  fifth  metacarpal  bone  is  the 
seat  of  the  disease  (tuberculous  dactylitis).  The  thickened  periosteum 
is  separated  from  the  shaft,  which  is  markedly  irregular  in  structure 
and  outline.  It  can  be  deduced  from  the  radiogram  that  the  wliole  of 
the  shaft  of  this  bone  is  affected,  and,  in  all  probability,  a  sequestrum 
has  formed.  Figs.  2  and  3,  Plate  50,  illustrate  the  appearances  to  be 
expected  if  the  carpal  and  tarsal  bones  be  aft'ected.  In  the  former  figure 
the  epiphyses  of  the  carpal  bones  are  seen  to  be  irregular  in  outline, 
their  ossification  being  apparently  in  advance  of  that  of  the  other 
bones  of  the  hand  ;  there  is  also  irregularity  of  outline  of  the  bases 
of  the  first  and  second  metacarpal  bones.  In  the  latter  figure  the 
scaphoid  is  the  seat  of  the  disease,  and,  in  the  portion  indicated,  shows 
obvious  irregularity. 

Tuberculous  disease  aft'ecting  the  ends  of  the  long  bones  com- 
monly commences  on  the  diaphysial  side  of  the  epiphysis  (tuber- 
culous epiphysitis),  and  can  be  recognized  at  a  very  early  stage  by 
X-ray  examination.  Plate  58,  Fig.  2,  shows  two  views  at  right-angle 
planes  of  an  abscess  of  the  shaft  of  the  tibia,  near  its  lower  end.  It 
is  denoted  by  a  circumscribed  area  of  much  increased  transparency, 
in  the  centre  of  which  an  area  of  increased  density,  representing  a 
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sequestrum,  can  be  seen.  An  abscess  of  this  kind  occurring  in  the 
shaft  some  distance  from  a  joint  may  find  its  way  towards  the  epiphysis, 
and,  having  involved  its  cancellous  tissue,  may  affect  the  joint 
secondarily.  This  occurred  in  the  above  case  ;  the  inflammatory  pro- 
cess can  be  traced  in  the  radiogram  extending  from  the  abscess  ca\itv, 
and  affecting  the  lower  epiphysis.  Plate  58,  Fig.,  3,  is  a  radiogram 
of  the  upper  end  of  the  tibia  wliich  shows,  in  tTie  position  indicated, 
a  local  tuberculous  osteitis  in  connexion  with  the  upper  epiphysis. 
The  encroachment  of  the  disease  on  the  shaft  and  epiphysis,  as  de- 
noted by  decrease  in  the  normal  density  of  the  bone  in  a  circumscribed 
area,  is  clearly  shown.  In  connexion  with  this  form  of  the  disease 
a  deep  abscess  of  bone  may  be  present.  Tuberculous  disease  affect- 
ing the  medullary  canal  and  the  shaft  of  a  long  bone,  accomjjanied 
by  periostitis,  presents  radiographically  the  appearance  to  be  seen 
in  Fig.  4. 

TUMOURS  OF  BONE 

Exostosis. — The  nature,  position,  and  size  of  these  tumours 
growing  from  bone  can  readily  be  demonstrated  by  X-ray  examination. 
Their  appearance  is  characteristic.  Plate  59,  Fig.  1,  illustrates  pedun- 
culated exostosis  of  the  femur.  In  contradistinction  to  this,  Fig.  2 
shows  a  sessile  exostosis  growing  from  the  humerus  in  the  position 
indicated.  A  further  example  of  a  tumour  of  this  variety,  growing  from 
the  outer  aspect  of  the  tibia,  displacing  the  fibula,  and  producing  a 
form  of  dislocation  of  the  ankle-joint,  is  to  be  seen  in  Fig.  3. 

Sarcoma.  Endosteal. — Sarcomas  are  easily  differentiated  from 
abscess  or  chronic  osteo-periostitis  by  X-ray  examination.  In  such 
tumours  the  normal  uniform  dark  shadows  cast  by  bone  are  replaced 
by  shadows  which  are  not  imiform,  lighter  areas  which  correspond 
with  the  soft  parts  of  the  tumour  being  seen  at  irregular  intervals. 
The  encroachment  of  sarcoma  on  normal  bone  produces  a  character- 
istic appearance,  for  no  separation  or  thickening  of  the  periosteum  is 
to  be  observed,  and  where  bone  has  been  replaced  by  the  more  trans- 
lucent material  of  the  tumour  no  abrupt  line  of  demarcation  exists. 
Compact  bone  resists  encroachment  longer  than  cancellous,  and  there- 
fore the  invasion  of  sarcomatous  tissue  results  in  the  translucent 
sarcoma  being  surrounded  by  compact  bone  to  a  greater  or  less 
extent.  Two  examples  of  endosteal  sarcoma,  one  from  the  upper 
end  of  the  radius  and  another  from  the  head  of  the  humerus,  are 
shown  in  Plate  59,  Fig.  4,  and  Plate  60,  Fig.  1. 

Periosteal. — The  radiographic  appearance  of  sarcoma  of  this 
variety  affecting  the  outer  surface  of  the  bone  differs  from  that  of  the 
former  variety,  and  is  in  accordance  with  its  rapid  growth  and  local 
origin.    The  bone  at  the  site  of  the  growth  is  replaced  hy  more  trans- 


Plate  57. 


Fig.  3. — Tuberculous  osteitis  of  upper  end  of  tibia. 


Plate  58. 
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lucent  material,  and  therefore  appears  eroded  and  irregular  in 
outline.  As  a  whole,  it  is  irregular  in  structure  and  diminished  in 
density ;  but  no  evidence  of  periostitis  can  be  detected.  At  first 
sight  a  radiogram  of  such  a  case  gives  the  impression  of  want  of  detail 
and  poor  quality.  Plate  60,  Fig.  2,  is  an  example  of  this  disease  ai?ect- 
ing  the  lower  end  of  the  femur  in  the  position  indicated.  Fig.  3  is  a 
more  obvious  case,  in  which  the  disease  has  attacked  the  upper  end 
of  the  humerus.  When  spontaneous  fracture  has  taken  place  this 
disease  is  capable  of  easier  radiographic  recognition.  Thus,  in  Plate  61, 
Fig.  1,  the  abnormal  relation  of  neck  and  shaft  of  the  femur,  in  a  case 
in  which  the  disease  has  attacked  the  upper  end  of  the  shaft,  removes 
any  dou]:)t  as  to  its  na-turc. 

Secondary  involvement  of  bone  by  carcinoma, — 
Whenever  carcinomatous  tissue  infiltrates  bone  it  entirely  replaces  the 
normal  dense  bone  by  translucent  material.  Spontaneous  fracture 
facilitates  its  recognition,  but  the  absence  of  any  periostitis  and  the 
extensive  and  irregular  replacement  of  normal  dense  bone  are  very 
characteristic.  Plate  61,  Fig.  2,  is  an  example  of  secondary  deposit  of 
carcinoma  in  the  upper  end  of  the  femur  and  adjacent  pelvic  bones, 
associated  with  spontaneous  fracture.  The  head  and  neck  of  the 
femur  have  practically  disappeared. 

Rickets. — Long  bones  affected  with  rickets  show  increased 
translucency,  with  great  iiTegularity  of  structure.  Their  diaphyses, 
where  such  changes  are  most  obvious,  appear  to  be  expanded,  and 
overlap  the  epiphyses  to  a  much  greater  extent  than  normal  ;  the 
epiphyses  themselves  are  unduly  translucent,  irregular  in  structure, 
and  indistinct  in  outline.  Curvatures,  if  present,  are  easily  recognized 
and  their  extent  estimated.  Plate  61,  Fig.  3,  is  the  radiogram  of  a 
case  of  genu  valgum  showing  rachitic  changes  in  the  lower  ends  of 
both  femora. 

Syphilis. — The  tertiary  manifestation  of  this  disease  affecting  bone 
can  be  recognized  by  X-ray  examination.  Gummata  produce  a  marked 
local  reduction  in  the  normal  density  of  bone,  and  are  associated  with 
osteo-periostitis.  Diffuse  syphilitic  inflammation  of  the  long  bones 
produces  an  appearance  not  unlike  that  caused  by  sarcoma,  but  the 
periosteum  is  separated  and  irregular  in  outline,  and  there  is  no  margin 
of  encroachment  as  in  sarcoma,  the  whole  of  the  bone  participating  in 
the  increase  in  bulk.  Figs.  1  and  2,  Plate  62,  are  examples  of  inflamma- 
tion of  the  radius  and  humerus  caused  by  syphilis. 

DEFORMITIES 

Cervical  rib. — The  presence  of  a  supernumerary  rib  or  ribs  can 
be  easily  demonstrated  radiographically,  for,  although  such  structures 
may  be  mainly  composed  of  cartilage,  yet  ossification  usually  takes 
2  p 
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place  to  some  extent,  wliicli  pemiits  of  their  discovery  by  the  X-rays. 
Plate  62,  Fig.  3,  is  an  example  of  double  cervical  rib,  seen  in  the 
positions  indicated. 

Coxa  vara.— This  deformity  presents  a  sufficiently  characteristic 
■appearance.  In  radiographic  examination,  however,  care  must  be 
taken  to  place  the  limbs  symmetrically  and  to  avoid  internal  rotation  4 
otherwise  the  shadow  of  the  neck  and  shaft  of  the  femur  may  be  so 
distorted  as  to  lead  to  an  erroneous  diagnosis  of  coxa  vara.  Plate  62, 
Fig.  4,  is  the  radiogram  of  a  definite  case  of  double  coxa  vara  ;'Fig.  5 
is  an  example  of  the  adolescent  variety  of  tliis  disease,  where  the 
upper  epiphysis  cf  the  femur  has  gradually  slipped  down,  and  can  be 
seen  lying  below  the  neck  of  the  femur. 

Flat-foot. — The  association  of  this  deformity  with  an  arthritis 
of  the  scapho-astragaloid  joint  may  be  ascertained  by  X-ray  exam- 
ination. This  association  is  evident  in  Plate  63,  Fig.  1,  in  which 
osteophytie  outgrowth  in  relation  with  the  scapho-astragaloid  joint 
is  unmistakable. 

Curvature  of  long  bones. — The  extent  and  position  of 
curvatures  of  bone  the  result  of  rickets  can  be  estimated  by  X-ray 
examination,  and  the  radiograms.  Figs.  2  and  3,  Plate  63,  are  examples 
of  such  curvatures  affecting  the  tibia  and  femur. 

Congenital  absence  of  bone. — The  existence  of  such  a 
condition  as  this  is  obviously  recognizable  by  X-ray  examination. 
Thus  Plate  63,  Fig.  4,  is  a  radiogram  of  the  pelvis  showing  congenital 
absence  of  the  lower  end  of  the  sacrum. 

INJURIES  AND  DISEASES  OF  THE  SPINE 

X-ray  examination  of  the  sj^inal  column  is  carried  out,  but  the 
value  of  the  radiogram  differs  greatly  according  to  the  particular 
portion  of  the  column  to  be  investigated.  Views  at  right-angle 
planes  of  the  upper  six  cervical  vertebra)  can  be  obtained  easily, 
but  the  seventh  cervical,  the  dorsal,  and  the  lumbar  can  be  viewed 
only  in  one  direction,  namely,  the  antero-posterior.  The  mid-dorsal 
region  is  rendered  obscure  by  the  shadow  of  the  heart  and  great 
vessels,  and  although  a  view  in  an  oblique  direction  is  obtained,  as 
described  in  connexion  with  thoracic  aneurysm  (p.  648),  the  vertebrae 
in  such  a  view  are  extremely  distorted  in  outline  and  difficult  to 
realize.  The  lumbar  vertebrae  can  be  satisfactorily  demonstrated, 
especially  if  some  form  of  abdominal  compressor  is  used  as  described 
for  renal  examinations. 

In  the  cervical  region,  injury  to  the  vertebrae  is  easily  and  certainly 
made  out  by  X-ray  examination.  The  amount  of  dislocation  of  the 
bodies  associated  with  the  fracture  can  be  ascertained,  and  precise 


Fig.  1.— PcJunculiitcd  exostosis  of  femur.  Fig.  2.--Sessile  exostosis  of  humerus. 


Fig.  3, — Exostosis  of  outer  aspect  of  tibia,  with  normal 
tibia  and  tibula. 


Fig.  4. — Endosteal   sarcoma   of  upper   end   of  radius, 
postero-anterior  and  lateral  views. 


Plate  59. 


Fig.  1.— Endosteal  sarcoma  of  head  of  humerus. 


Fig.  2.— Periosteal  sarcoma  of  lower 
end  of  femur. 
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knowledge  of  the  situation  of  the  injury  is  possible.  Plate  64,  Fig.  1, 
is  the  radiogram  of  a  case  of  fracture  and  dislocation  of  the  fourth 
cervical  vertebra.  The  fracture  of  the  lamina  is  readily  discerned, 
and  the  amount  of  dislocation  is  visible. 

Tuberculous  disease. — As  in  other  bones,  tuberculous  disease 
affecting  the  vertebrae  may  be  demonstrated  by  the  X-rays.  The 
affected  bone  presents  irregularity  of  outline,  and  circumscribed  areas 
of  increased  translucency  replace  the  normal  shadow  of  the  vertebrae 
to  a  greater  or  less  extent,  according  to  the  amount  of  caries  present. 
An  example  of  tuberculous  disease  of  the  atlas  is  to  be  seen  in  Plate  64, 
Fig.  2,  where,  in  the  position  indicated,  the  characteristic  changes 
produced  by  this  disease  are  well  exemplified.  Again,  Fig.  3  is  the 
radiogram  of  a  case  of  dorsal  caries  in  which  the  disease  is  located  in 
the  adjoining  surfaces  of  the  bodies  of  the  ninth  and  tenth  vertebrae. 
In  the  latter,  irregularity  of  outline  and  structure  of  the  affected  bodies 
is  quite  discernible,  and,  in  addition,  there  is  seen  a  fusiform  opaque 
area  to  the  right  and  left  of  the  spinal  column,  extending  for  some 
distance  above  and  below  the  affected  vertebraj,  this  area  represent- 
ing an  abscess  in  connexion  with  the  caries.  In  the  lumbar  region 
the  presence  of  tuberculous  disease  may  produce  such  an  appearance 
as  is  shown  in  Plate  65,  Fig.  1,  which  is  a  case  of  caries  of  the  fifth 
lumbar  vertebra.  Here  we  have  a  view  of  a  perfectly  symmetrical 
area  of  increased  opacity,  its  shape  being  that  of  the  articular  surface 
of  the  bod)'  of  the  vertebra  with  the  convexity  directed  towards  the 
ccccvx. 

Spondylitis  deformans,  rheumatic  spondylitis. — This 

disease,  when  it  has  been  in  existence  for  some  time,  produces  changes 
in  the  outline  of  the  vertebras  which  may  be  recognized  by  X-ray 
examination.  Osteophytic  outgrowths  may  be  seen  springing  from 
the  intervertebral  margins  of  the  bodies  of  the  vertebrae,  and  in 
advanced  cases  these  may  completely  bridge  over  the  intervertebral 
spaces.  An  example  of  this  disease  affecting  the  lumbar  vertebrae 
is  to  be  seen  in  Plate  65,  Fig.  2,  complete  fusion  of  the  vertebral 
bodies  having  taken  place, 

INJURIES  AND  DISEASES  OF  THE  BONES  OF 
THE  SKULL 

Little  has  been  done  in  the  way  of  making  use  of  the  X-rays  in 
investigating  diseases  and  injuries  of  the  bones  and  contents  of  the 
skull,  yet,  as  already  mentioned,  it  is  possible  to  demonstrate  clearly 
the  sutures  existing  between  the  several  bones  ;  and  an  excellent  de- 
monstration of  the  base  of  the  skull,  showing  the  outline  of  such  a 
structure  as  the  sella  turcica,  is  not  at  all  difficult.    Plate  65,  Fig.  3,  is  a 
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radiogram  of  the  bones  of  tlie  skull  which  shows  the  outline  of  the 
sella  turcica. 

Intracranial  tumours  have  also  been  demonstrated  in  this  way  ; 
but  lack  of  sufficient  knowledge  of  what  can  be  done,  and  of  the  normal 
appearances  presented  by  these  parts  radiograpliically,  stands  in  the 
way  of  the  more  general  use  of  this  method  of  investigation  in  con- 
nexion with  intracranial  diseases  and  injuries. 

DISEASES  OF  THE  CHEST  AND  ABDOMEN 

Pulmonary  tuberculosis. — In  the  diagnosis  of  this  disease. 
X-ray  examination  may  be  of  value  in  gauging  the  extent  to  which 
the  lungs  are  involved.  This  is  made  abundantly  clear  by  the  many 
writings  on  the  subject,  such  as  those  of  Williams,  Bouchard,  Lawson, 
Walsham,  and  Orton,  who  have  stated  that  the  abnormalities  which 
are  observed  in  more  or  less  pronounced  cases  of  this  disease  are 
(1)  that  "  the  movement  of  the  shadow  of  the  diaphragm  is  re- 
stricted on  the  affected  side  or  sides,  usually  in  the  lower  part  of  its 
excursion  "  ;  (2)  that  "  one  or  both  apices  fail  to  light  up  on  deep 
respiration "  ;  (3)  that  "  the  diseased  portion  of  the  lung  casts  a 
dark  shadow  "  ;  (4)  that  "  the  heart  shadow  in  a  large  majority  of 
cases  is  smaller  than  normal  and  placed  more  vertically  in  the  chest "  ; 
(5)  that  "  alteration  in  the  shape  of  the  chest  and  the  position  of 
the  ribs  is  often  to  be  made  out."  A  good  example  of  extreme 
tuberculosis  of  both  lungs  is  to  be  seen  in  Plate  65,  Fig.  4.  In  this 
case  both  pleural  spaces,  instead  of  being  normally  translucent,  show, 
from  base  to  apex,  abnormal  opaque  areas  rounded  in  shape  and 
irregular  in  distribution. 

Tuberculous  cavities  in  the  lungs. — The  position  and 
size  of  these  cavities  may  often  be  most  accurately  determined 
fadiographically.  The  appearance  presented  varies  according  to  the 
position  of  the  cavity  and  the  nature  of  its  contents.  Should  it  be 
(uU  of  purulent  material  it  will  create  an  area  of  increased  density 
corresponding  to  its  size,  while,  on  the  other  hand,  should  such  a 
cavity  be  filled  with  air,  the  shadow  cast  will  be  of  less  density  than 
that  cast  by  the  surrounding  tissue. 

Tuberculous  bronchial  glands. — When  such  glands  are  of 
considerable  size  their  existence  may  be  readily  detected  radiographi- 
cally.  They  are  associated  with  a  marked  increase  in  the  normal  median 
opaque  area  of  the  chest  towards  the  right  and  left — that  is  to  say, 
the  opaque  area  which  is  caused  by  the  sternum,  aorta,  and  upper 
dorsal  vertebrae.  An  example  of  such  a  condition  is  to  be  seen  in 
Plate  66,  Fig.  1,  where,  in  the  positions  indicated,  such  an  increase 
in  the  median  opacity  is  observable. 


Fig.    1.     l\riiisteiil    sarcoma  of  upper   end  ot 
shaft  of  femur. 


Fig.  2.—  Secondary  carcinomatous  deposit  in  upper  end  of 
femur  and  adjacent  pelvic  bones,  with  spontaneous  fracture. 


Fig.  3.— Genu  valgum,  with  rachitic  changes  in  lower 
ends  of  both  femora. 

PLATE  61. 


Fig.  3. — Double  cervical  rib.  Fig.  4. —  Double  coxa  vara. 


Fig.  5. — Adolescent  coxa  vara. 

Plate  62. 
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Pneumothorax. — The  increased  translucency,  flattening  of  the 
diaphragm  on  the  affected  side,  and  displacement  of  the  mediastinal 
contents  and  heart  towards  the  opposite  side,  together  with  the  pre- 
sence of  collapsed  lung,  render  this  disease  readily  recognizable.  These 
signs  are  to  be  seen  in  Plate  66,  Fig.  2,  a  radiogram  of  the  thorax 
in  a  case  of  simple  left  pneumothorax.  Collapsed  lung  is  to  be  seen  in 
the  position  indicated  by  the  arrow.  Even  small  quantities  of  fluid 
in  the  pleural  cavity  can  be  recognized  radiographically  by  the  obliter- 
ation of  the  outUne  of  the  diaphragm,  and  the  increased  and  homo- 
geneous opacity  of  the  lower  part  of  the  thorax  on  the  affected  side, 
when  the  patient  is  in  the  erect  posture.  Unless  air  is  also  present 
in  the  pleura,  the  upper  limit  of  the  opacity  is  somewhat  vague. 
In  the  recumbent  position  the  whole  affected  side  is  homogeneously 
opaque,  and  in  this  posture  the  amount  of  fluid  may  be  deduced 
from  the  density  of  the  shadow  and  from  the  degree  of  visceral 
displacement.  By  combined  examination  in  the  erect  and  the 
recumbent  attitudes,  an  ajiproximate  estimate  may  be  made  of  the 
amount  of  fluid  in  the  pleural  cavity,  but  no  determination  of  its 
character,  whether  jnirulcnt  or  serous,  is  possible. 

Hydro  -  pneumothorax  and  pyo  -  pneumothorax. — 
When  air,  as  well  as  serous  effusion  or  pus,  is  present  in  the  pleuj'al 
cavity,  signs  similar  to  those  described  above  are  seen  ;  but  in  this 
case,  when  the  patient  is  in  the  upright  posture,  the  upper  limit  of  the 
opacity  is  not  indistinct,  but  forms  a  sharply  defined  horizontal  line, 
the  level  of  which  entirely  depends  on  the  amount  of  fluid  present. 

Differential  diagnosis. — The  presence  of  fluid  in  the  pleura 
may  be  distinguished  from  such  a  disease  as  fibrosis  of  the  lung  by 
the  fact  that  in  the  latter,  although  the  cavity  as  a  whole  may  be 
opatjue,  yet  some  part  shows  translucency ;  that  is,  the  shadow 
cast  by  fluid  is  homogeneous,  while  that  due  to  a  fibrotic  lung 
is  heterogeneous.  New  growths  of  the  lung,  which  clinically  may 
be  confused  with  pleural  effusion,  are  recognizable  by  X-ray  examina- 
tion on  account  of  the  fact  that  they  also,  though  they  render 
the  23leura  oj^aque,  do  not  cast  a  homogeneous  shadow  like  fluid. 
When  these  new  growths  are  accompanied  by  i^leural  effusion  their 
presence  is  thereby  masked,  but  it  is  possible  to  demonstrate  the 
jjresence  of  new  growth  after  the  fluid  has  been  removed  by  aspiration. 
A  condition  which,  at  first  sight,  does  not  seem  likely  to  be  confused 
with  pleural  effusion  is  an  aneurysm  of  the  aorta — more  particularly 
of  the  descending  aorta — when  of  sufiicient  size  to  obscure  the  lower 
part  of  the  pleural  cavity.  Such  confusion,  however,  is  possible, 
and  the  means  by  which  it  can  be  avoided  will  be  dealt  with  later. 
Empyema  of  the  pleural  cavity  may  get  shut  off  by  adhesions,  and  so 
become  localized.    The  diagnosis  of  the  presence  and  position  of  such 
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a  localized  empyema  is  of  great  importance  from  the  point  of  view  of 
the  treatment  of  this  disease.  Radiographically,  empyemas  appear  as 
homogeneous  opaque  areas  of  a  size  dependent  upon  the  quantity 
of  fluid  they  contain,  and  their  position  can  usually  be  ascertained 
by  deduction. 

Suppurative  pericarditis. — This  disease,  which  may  be  con- 
fused with  empyema,  and  more  especially  with  localized  empyema,  pre- 
sents on  X-ray  examination  an  appearance  which  is  so  characteristic 
that  it  is  easily  recognized,  and  thus  its  surgical  treatment  may  be 
undertaken  without  delay.  Plate  66,  Fig.  3,  shows  an  example  of 
suppurative  pericarditis.  The  normal  shadow  cast  by  the  heart  is 
enormously  increased  in  size,  the  increase  being  towards  both  the 
right  and  left  and  in  an  upward  direction,  resulting  in  the  production 
of  an  almost  spherical  shape.  It  can  also  be  noticed  that  the  mar- 
gins of  the  opacity  are  exceedingly  sharp,  which  is  not  the  case  with 
shadows  cast  by  the  heart  alone,  on  account  of  its  movements  during 
the  time  of  exposure. 

Abscess  of  the  lung. — It  is  obvious  from  what  has  already 
been  shown  that  the  presence  of  a  collection  of  fluid  in  any  quantity 
in  the  substance  of  the  lung,  such  as  would  be  present  in  abscess, 
can  always  be  discovered  by  X-ray  examination,  provided  it  does  not 
lie  in  such  a  position  as  to  be  obscured  by  the  greater  opacity  of 
the  heart  or  large  vessels. 

Hydatid  cysts  of  the  lung  occurring  in  the  substance  of 
the  lung  appear  as  areas  of  increased  opacity,  rounded  and  clear-cut 
in  outline.  This  appearance,  which  is  highly  suggestive  of  their 
presence,  enables  their  size  and  position  to  be  ascertained  without 
trouble. 

Subphrenic  abscess. — -It  is  obviously  possible  to  distinguish 
by  X-ray  examination  the  difEerence  between  purulent  fluid  situated 
in  the  pleura  and  a  collection  of  pus  below  the  diaphragm.  In  the 
case  of  intrapleural  pus,  the  outline  of  the  diaphragm  becomes  ob- 
scured, and  should  it  be  seen  it  would  be  fixed  in  the  position  of  in- 
spiration. On  the  other  hand,  pus  present  outside  the  pleura,  beneath 
the  diaphragm,  does  not  in  any  way  obscure  the  outline  of  the  latter, 
which  can  be  observed  to  be  fixed  in  the  position  of  expiration.  In 
fact,  in  the  first  case,  the  intrapleural  pressure  tends  to  depress  the 
diaphragm,  while,  in  the  second,  the  increased  pressure  beneath  the  dia- 
phragm tends  to  push  it  higli  up  in  the  chest. 

Tropical  abscess  of  the  liver. — The  diagnosis  of  the  presence 
of  liver  abscess  is  very  materially  assisted  by  X-ray  investigation. 
Fortunately,  the  upper  surface  of  the  liver  is  the  situation  in  which 
these  abscesses  most  commonly  occur.  In  this  situation  they  produce 
an  X-ray  appearance  similar  to  that  of  subdiaphragmatic  abscess 


Fig.  1.    Ostco-iirthritis  ot  the  scapho-astragaloid 
articulation  in  Hat-foot. 


Fig.  2.  —  Rachitic  curvature  of  tibia. 


Fig.  3. — Rachitic  curvature  of  femur. 


Fig.  4.^ — Congenital  absence  of  lower  end  of  sacrum. 

Plate  63. 


Fig.  1. — Fracture  and  dislocation  of  third  cervical  vertebra 


Fig.  2. — Tuberculous  disease  of  atlas. 


Fig.  3. — Caries  of  ninth  and  tenth  dorsal 
vertebrae,  with  abscess. 

Plate  64. 
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(a  condition  which  they  may  cause)  ;  thus  tlie  increased  pressure 
underneatli  the  right  diaphragm  pushes  it  high  up  into  the  pleural 
cavity,  and  should  only  a  part  of  the  upper  surface  of  the  liver  be 
affected  by  the  abscess,  causing  irregularity  of  its  outline,  the  diaj^hragm 
will  show  a  corresponding  irregularity  of  outline,  an  appearance  which 
is  particularly  characteristic  of  this  disease.  When  such  abscesses  as 
these  burst  into  the  bronclii,  the  track  in  the  thorax  followed  by  the 
pus  can  be  observed.  Malignant  disease  of  the  liver  produces  an 
appearance  which  may  be  confused  with  that  caused  by  the  above 
disease,  but  clinical  facts  are  usuall}'  available  to  prevent  any  con- 
fusion between  the  two  conditions. 

Mediastinal  tumours — -Tumours  in  the  mediastina,  whether 
sarcomas,  carcinomas,  or  tuberculous  glands,  can  be  recognized  by 
X-ray  examination.  The  appearance  presented  may  sometimes  be 
difficult  to  differentiate  from  aneurysm  of  the  thoracic  aorta,  but  the 
following  facts  serve  to  distinguish  them  :  (I)  The  shadow  tumours  cast 
is  not  so  opaque  as  that  of  aneurysm.  (2)  The  increase  in  the  median 
opacity  is  gradual,  and  not  abrupt  as  is  usually  the  case  in  aneurysm. 
(3)  The  increase  in  the  median  opacity  takes  place  equally  towards 
the  right  and  the  left.  (4)  The  outline  of  the  shadow  cast  by  them 
may  be  irregular.  (5)  No  pulsation  is  to  be  observed.  Nevertheless, 
it  is  not  possible  to  differentiate  by  X-ray  examination  the  several 
kinds  of  mediastinal  tumour.  Viewed  in  the  postero-anterior  direction, 
a  mediastinal  tumour  is  represented  by  an  increase  in  the  median 
opacity  of  the  thorax  towards  the  right  and  left,  and  the  condition  is 
well  illustrated  in  Plate  66,  Fig.  f . 

Thoracic  aneurysm. — This  disease  is  of  interest  to  the  sur- 
geon, not  so  much  from  the  point  of  view  of  treatment  as  from 
the  necessity  of  excluding  its  presence  in  investigating  diseases  of  the 
a?sophagus.  That  a  comparatively  sure  means  of  doing  so  is  avail- 
able is  therefore  a  matter  of  high  importance.  In  order  to  under- 
stand how  aneurysm  of  the  aorta  appears  from  an  X-ray  point  of 
view,  it  is  necessary  to  possess  some  knowledge  of  the  normal  shadows 
cast  by  the  heart  and  thoracic  aorta.  Viewed  in  an  antero-jiosterior 
direction,  the  lower  part  of  the  thorax  is  occupied  by  an  opacity  corre- 
sponding to  the  heart,  from  the  upper  border  of  which,  in  the  middle 
line,  an  opaque  area,  corresponding  to  the  shadow  cast  by  the  verte- 
brae, sternum,  and  aorta,  extends  into  the  neck.  This  latter  oj^aque 
area  is  referred  to  as  the  median  opacity  of  the  chest,  and  towards 
the  right  its  outline  is  almost  horizontal,  whereas,  townrds  the  left 
and  upper  end,  there  is  normally  a  distinct  bulge  corresponding  to 
the  junction  between  the  transverse  and  the  descending  aorta  (left 
lateral  aortic  bulge).  The  lower  end  of  the  median  opacity  on  the 
left  side  merges  into  the  left  1)order  of  tlie  heart  shadow.  Viewed 
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in  the  right  anterior  oblique  direction  (Holtzknecht),  the  thoracic 
shadows  are  very  complex,  for  the  rays  are  directed  so  as  to  penetrate 
the  chest  obliquely  at  an  angle  of  45°  from  belund  forwards,  and  from 
left  to  right.  Seen  in  this  way,  the  shadow  corresponding  to  the 
vertebral  column  can  be  made  out,  and  in  front  of,  but  separated 
from  it  by  a  clear  space,  in  the  upper  part,  lies  a  narrow  rectangular 
shadow,  corresponding  to  the  superimposed  shadows  of  the  ascending 
and  descending  aorta,  which  expands  in  the  lower  part  into  a  large 
triangular  opaque  area  representing  the  heart,  the  clear  space  between 
the  vertebral  column  and  the  shadow  of  the  aorta  and  heart  being 
the  posterior  mediastinum.  A  good  illustration  of  the  appearance 
presented  by  the  thorax,  viewed  in  this  direction,  is  to  be  seen  in 
Plate  67,  Fig.  1,  a  radiogram  showing  a  bismuth  meal  retained 
in  the  lower  portion  of  the  oesophagus.  Thus  it  is  possible  to  view 
the  'arch  of  the  aorta  in  two  directions,  one  at  an  angle  of  45° 
to  the  other,  and  any  bulging  of  the  walls  of  the  arch,  as  in 
aneurysm,  can  be  recognized.  Examination  with  the  screen,  as  well 
as  by  radiogram,  is  necessary  in  the  diagnosis  of  this  disease,  for 
pulsation  of  the  walls  of  the  sac  of  the  aneurysm  may  thus  be 
observed,  though  tliis  is  by  no  means  always  present.  Radio- 
graphically,  the  extreme  density,  abruptness,  and  sharpness  of  outline 
of  the  sac  materially  assist  its  recognition.  An  example  of  thoracic 
aneurysm  is  illustrated  in  Plate  66,  Fig.  4,  wliere  an  abrupt,  sharply- 
defined  increase  of  the  median  opacity  towards  the  left  is  to  be  seen 
— an  appearance  which  suggests  involvement  of  the  junction  of  the 
descending  and  transverse  portions  of  the  arch. 

DISEASES  OF  THE  CESOPHAGUS 

Carcinoma. — The  presence  of  new  growth  in  the  oesophagus  may 
be  observed  by  X-ray  examination  of  the  thorax.  Thus,  in  the  postero- 
anterior  view,  it  may  be  associated  towards  the  left  with  an  increase 
of  the  normal  median  opacity,  which  presents  an  irregular  margin, 
and  is  diiiuse  in  character.  Viewed  in  the  right  lateral  oblique  direction, 
the  posterior  mediastinum  is  found  to  be  increased  in  opacity  in  the 
position  corresponding  to  the  growth.  Such  observations  as  these 
may  lead  one  to  suspect  the  presence  of  a  new  growth  of  the  oesophagus, 
but  further  proof  is  necessary  in  order  to  make  the  diagnosis  certain.- 
The  patient  is  directed  to  swallow  some  mouthfuls  of  bismuth  food 
(bread-and-milk  containing  bismuth  carbonate),  the  observer  thus  being 
able  to  note  the  passage  of  the  meal  through  the  oesophagus.  For  this 
purpose  the  patient  is  placed  in  such  a  position  that  a  right  lateral 
oblique  view  is  obtained,  and  the  posterior  mediastinum  clearly  out- 
lined.  Tw  o  or  three  spoonfuls  of  bismuth  meal  are  placed  in  the  mouth. 


Fig.  1.  —  Caries  ot  hlth  lumbar  vertebra. 


Fig.  2. — Spondylitis  deformans   in  lumbar 
region. 


Fig.  3. — Suppurative  pericarditis.  Fig.  4. — Thoracic  aneurysm 

Plate  66. 
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and  when  a  suitable  X-ray  illumination  has  been  secured,  the  patient 
is  asked  to  swallow,  the  fluorescent  screen  being  used  to  observe  the 
passage  of  the  food  down  the  oesophagus.  Where  an  observation  such 
as  the  above  has  been  made,  and  when,  in  addition,  the  bismuth  meal 
is  seen  to  be  delayed  in  its  passage  down  the  oesophagus,  in  a  position 
corresponding  to  the  opacity  observed,  a  diagnosis  of  carcinoma  of 
the  oesophagus  may  safely  be  made.  A  new  growth  occurring  at  the 
cardiac  end  of  the  oesophagus  cannot  be  so  distinctly  observed  in 
the  antero-latcral  right  direction  as  one  in  the  upper  part,  on  account 
of  the  diaphragm  obstructing  the  view.  In  such  cases,  however,  if  a 
considerable  quantity  of  bismuth  food  can  be  swallowed  quickly,  it 
may  collect  at  the  lower  end,  implying  thereby  a  stricture  below  that 
point.  Plate  67,  Fig.  1,  is  a  right  lateral  oblique  view  of  a  case  in  which 
a  quantity  of  bismuth  meal  is  delayed  in  the  lower  part  of  the  oeso- 
phagus. In  tlais  position  it  shows  as  a  rectangular  opaque  area  in  the 
posterior  mediastinum.  A  diagnosis  of  carcinomatous  stricture  was 
made  from  the  X-ray  observation  in  conjunction  with  clinical  facts, 
and  an  exploratory  incision  verified  this  diagnosis. 

Pouching  of  the  CBSOphagus. — In  this  disease,  when  the 
patient  swallows  bismuth  food,  the  pouch  retains  some  of  it,  in  conse- 
quence of  which  the  pouch  becomes  opaque  to  X-rays,  and  thiis  one 
is  enabled  to  recognize  its  existence  anol  estimate  its  size  and  position. 
The  appearance  of  an  oesophageal  pouch  distended  with  bismuth  food 
is  illustrated  in  Plate  67,  Figs.  2  and  3;  the  pouch  is  situated  in  the 
position  indicated,  Fig.  2  being  a  postero-anterior  view,  Fig.  3  a  lateral 
view. 

Simple  dilatation  of  the  cesophagus. — As  in  the  case  of 
pouching  of  the  oesophagus,  ample  evidence  of  the  position  and  size 
of  such  dilatation  is  obtainable  by  filling  it  with  bismuth  food.  It  is 
not  always  necessary,  however,  to  resort  to  this  methool,  because  the 
outline  of  a  large  dilatation  may  be  observed  without  bismuth.  Thus,  in 
the  case  of  which  the  raoliogram  is  reprooluced  in  Plate  68,  Fig.  1,  the 
outlines  of  a  large  pouch  are  to  be  made  out  (a).  There  is  also  to  be 
seen  (b)  the  shaolow  of  an  olivary-shaped  steel  bougie  which  has  been 
passeol  into  the  dilatation. 

THE  NECK 

The  possibility  of  demonstrating  the  outline  uf  the  trachea  by 
means  of  X-ray  examination  has  been  pointed  out  by  Professor 
Goldmann.  The  trachea  can  be  recognized  on  account  of  the  fact 
that  it  is  an  air-space,  thereby  casting  a  shadow  which  appears  darker 
than  the  surrounding  tissues  and  presenting  an  outline  consistent 
with  its  shape.  The  normal  trachea  casts  such  a  shadow  as  is  to  be 
seen  in  Plate  68,  Fig.  2,  in  the  position  indicated.    In  cases  in  which  the 
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tracliea  is  pressed  upon  by  tumours  situated  in  tlie  neck,  its  X-ray 
shadow  will  be  distorted,  and  thus  the  position  and  extent  of  the 
stricture  can  be  ascertained.  Such  distortion  of  the  tracheal  streak 
can  be  seen  in  Plate  66,  Fig.  1,  in  which  a  mediastinal  tumour  extending 
into  the  neck  presses  upon  the  trachea. 

DISEASES  OF  THE  NOSE  AND  ACCESSORY 
SINUSES 

Only  by  recent  investigation  has  the  fact  been  discovered  that 
X-ray  shadows  of  the  frontal  sinus  and  the  antrum  of  Highmore  can 
be  obtained.  To  procure  such  shadows  it  is  necessary  that  the 
position  of  the  source  of  the  X-rays  and  the  head  should  be  specially 
arranged.  In  the  recumbent  position  the  head  is  placed  so  that  the 
line  of  the  forehead  almost  makes  an  angle  of  30°  with  the  horizontal. 
The  head  having  been  secured  in  this  position,  the  X-ray  tube  is 
centred  directly  opposite  the  nasal  process  of  the  frontal  bone,  the 
object  of  this  position  being  to  remove  the  occipital  portion  of  the 
skull,  which  is  of  great  density,  from  the  line  of  view.  The  normal 
appearance  of  the  frontal  and  antral  sinuses,  secured  in  the  manner 
described,  is  illustrated  in  Plate  68,  Fig.  4,  the  sinuses  being  represented 
by  areas  of  increased  translucency  {see  the  arrows).  Should  fluid  displace 
the  air  in  such  a  sinus,  it  becomes  indefinite  in  outline  and  difficult 
to  difierentiate  from  the  surrounding  bones  on  account  of  increased 
density.  Plate  68,  Fig.  3,  is  that  of  a  case  in  which  the  frontal  sinus 
on  one  side  is  indistinct  in  outline  and  of  increased  density,  indicating 
the  presence  of  pus.  The  advantages  of  tliis  method  of  examination 
are  obvious :  the  frontal  origin  of  an  empyema  of  the  antrum  is  easily 
ascertained  ;  in  cases  of  supra-orbital  neuralgia  the  origin  of  the  pain 
may  be  located  in  the  frontal  sinus.  A  lateral  view  of  the  frontal 
region  is  also  possible,  and  by  this  means  the  extent  of  the  sinus 
in  this  plane  may  be  made  out.  In  cases  in  which  the  postero- 
anterior  view  reveals  no  outline  of  the  sinuses,  and  so  suggests  the 
presence  of  a  double  empyema,  it  is  necessary,  in  order  to  ascer- 
tain whether  sinuses  really  exist,  to  secure  a  view  in  the  lateral 
direction.  Owing  to  neglect  of  this  precaution  a  diagnosis  of  double 
empyema  might  be  arrived  at,  the  real  reason  of  the  obliteration 
lying  in  the  fact  that  the  sinuses  are  undeveloped.  Demonstration 
of  the  sphenoidal  and  other  sinuses  of  the  bones  of  the  face  as  well 
as  of  the  mastoid  cells  is  possible  by  means  of  the  X-rays.  The 
position  in  which  the  view  is  best  secured,  and  the  value  of  any 
observation  that  may  be  made  in  disease  of  these  parts,  are  at  the 
present  time  not  quite  clear. 


Fig.   1.— Bismuth   meal   delayed   in   lower   part  of 
(I'sophagus. 


Fig.  3. — Bismuth  meal  in  (x;sophageal  pouch,  lateral 
view. 


Plate  67. 


Fig.  1. — Simple  dilatation  of  oesophagus,  with  shadow  of 
wall,  and  steel  bougie  in  situ. 


BIBLIOGRAPHY 


651 


BIBLIOGRAPHY 
Beck,  A.  K.,  Runtgen  Ray  Diagnosis  and  Therapy.  1904. 

Bruce,  W.  Ironside,  A  System  of  Radiography,  with  an  Atlas  of  the  Normal.  1907. 

Bulltiin  of  the  Committee  for  the  Study  of  Special  Diseases,  1907. 

Cannon,  W.  B.,  "  Auscultation  of  the  Rhythmic  Sounds  produced  by  the  Stomach 

and  Intestines,"  Anier.  Jourii.  of  Phys.,  1902,  vi.  251  and  xiv.  339. 
Garrod,  A.  E.,  and  F.  J.  Steward,  "  Case  of  Pyopericardium  cured  by  Drainnge," 

Proc.  Roy.  Soe.  Med.,  Clin.  Sec,  1908,  i.  15. 
Hertz,  A.  F.,  "  Lectures  on  Passage  of  Food  through  Human  Alimentary  Canal,"' 

Brit.  Med.  Journ..  1908,  i.  191,  and  Guy's  Hosp.  Repts.,  1907,  p.  409. 
Hofmelster,  F.,  and  E.  Schutz,  "  Ueber  die  automatischen  Bewegungen  des 

Magens,"'  Arch.  f.  e.rper.  Path.  u.  Pharmakcl.,  1885-6,  vol.  x.x. 
Holland,  Thurston,  "  X-Ray  Diagnosis  of  Renal  and  Urethral  Calculus."  Lancet, 

190(i.  ii.  375,  1527. 

Holtzknecht,  G.,  "  Mitt.  a.  d.  Lab.  f.  radiol.  Diagn.  u.  Therap.  im.  K.K.  allg.," 

Kraiilxnh.  in  Wien,  1906,  i.  85. 
Lawson,  David,  "  A  Further  Contribution  to  Uses  of  Rontgen  Rays  in  Diagnosis 

of  Lung  Disease,"  Trans.  Brit.  Elcct.-Ther.  Soc.,  1904. 
Lawson,  David,  and  R.  H.  Crombie,    "  Rontgen  Rays  in  Diagnosis   of  Lung 

Disease, Lancrl,  1903,  ii.  212. 
Lever,  G.,  and  G.  Barret,  "  Radioscopie  CJastrique  :  Ajiplications  a  I'Anatomie, 

la  Physiologic  et  la  Pathologic,"  Arch,  de  2Ial.  de  VAppar.  Digest.,  1907, 

i.  142. 

Orton,  Harrison  G.,  "  Some  Fallacies  in  X-Ray  Diagnosis  of  Renal  and  LTrethral 

Calculi,"  Brit.  Med.  Journ.,  1908,  ii.  716. 
Pfaff,  F.,  and  L.  Nelson,  "  Effects  of  Aperients  on  the  Peristalsis  of  the  Stomach 

and  Intestines,"  Journ.  Amer.  Med,  Assoc.,  1906,  xlvii.  1819. 
Reid,  A.  D.,  "  X-Ray  Diagnosis  of  Calculi,"  in  Rose  and  Carless's  Surgery,  1905. 
Reid,  A.  D.,  "  X-Ray  in  Diagnosis,"  Practitioner,  1906. 

Rieder,  H.,  "  Rontgenuntersuchungen  des  Magens  und  Darmes,"  MiincJi.  vied. 
Woch.,  1906,  liii.  3. 

Schmieden.  V.,  and  F.  Hartel,  "  Rontgen  Rays  in  Stomach  Diseases,"  Brit. 

Med.  Journ.,  1909,  ii.  37. 
Williams,  F.  H.,  Rontgen  Rays  in  Medicine  and  Surgery.  1903. 


GENERAL  ANAESTHESIA 

By  J.  BLUMFELD,  B.A„  B.C.,  M.D.Cantab. 

The  scope  of  tliis  article  does  not  allow  any  consideration  of  the  purely 
historical,  physiological,  or  chemical  aspects  of  general  anaesthesia. 
A  general  knowledge  of  these  on  the  reader's  part  is  therefore  assumed, 
md  the  subject  is  dealt  with  from  a  solely  practical  point  of  view. 

PRELIMINAKY  STEPS 
Certain  steps  should  be  taken  in  all  cases  before  the  administration 
of  a  general  anpesthetic.  Thus,  a  brief  examination  of  the  circulatory 
and  respiratory  eflficiency  of  the  patient  should  be  made  by  careful 
palpation  of  the  pulse,  and  estimation  of  the  respiratory  capacity  by 
placing  a  hand  upon  each  side  of  the  chest  while  a  deep  breath  is  drawn. 
The  inside  of  the  mouth  is  then  inspected  to  ensure  the  absence  of 


Scale 


Fig.  175. — Wooden  prop  and  wedge. 

artificial  teeth  or  other  foreign  bodies,  and  also  to  note  the  shape 
of  the  palate  and  jaws  and  the  coaptation  of  the  teeth.  Nasal 
inefl&ciency  and  inconvenient  locking  of  the  teeth  during  spasm  will  be 
guarded  against  by  the  insertion  of  a  small  prop  between  the  teeth 
before  beginning  the  administration  (Fig.  175).  The  ansssthetist  should 
also  be  provided  with  a  small  wedge  (Fig.  175),  a  Mason's  gag  (Fig. 
176),  and  a  pair  of  tongue  forceps  with  rounded  blades  (Fig.  177). 
The  condition  of  the  patient's  urine  should  be  ascertained,  although 
this  precaution  is  not  necessary  before  the  administration  of  nitrous- 
oxide.  It  is  also  advisable  to  find  out  whether  an  ansesthetic  has 
been  previously  taken,  as  useful  knowledge  may  be  gained  of  any 
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peculiarity  of  behaviour  on  the  patient's  part  during  the  former 
administration. 

The  best  position  for  tlie  patient,  unless  specially  contra-indicated, 
is  lying  ujjon  his  back,  with  tlie  head  slightly  raised  above  the  level 
of  the  shoulders  and  turned  to  one  side.  Clothing,  if  worn,  must  be 
quite  loose  round  the  neck,  waist,  and  chest.  Strict  quiet  should  be 
maintained  by  all  present,  and  no  moving  of  instruments  or  other 
source  of  noise  be  allowed  to  disturb  or  alarm  the  semiconscious 


Fig.  176. — Mason's  gag. 


patient  on  his  passage  to  full  ana?sthesia.  The  sense  of  hearing  lasts 
long  and  is  accentuated  before  unconsciousness  supervenes.  More- 
over, it  is  important  not  to  cut  bandages,  etc.,  or  to  move  the  cover- 


Fig.  177. — Tongue  forceps. 


ings  of  a  partially  anfcsthetized  patient,  to  whom  such  proceedings 
would  suggest  the  premature  commencement  of  tlie  operation  and 
might  cause  the  shock  of  alarm. 

SIGNS  OF  ANAESTHESIA 

Three  cardinal  symptoms  should  be  present  before  anai'sthesia 
is  accepted  as  sufficiently  deep  for  operating  purposes.  These  are  : 
(1)  relaxation  of  muscles,  as  proved  by  the  limpness  with  which 
a  limb  falls  if  raised  and  then  released;  (2)  absence  of  conjunctival 
reflex  and  diminution  of  corneal  reflex,  shown  by  the  faint 
response  of  the  lids  when  a  finger  is  lightly  drawn  over  the  pupil 
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of  tlie  eye,  just  touching  the  cornea;   (3)  stertorous  breathing, 

recognized  by  the  sound  made  in  respiration  if  the  jjatient's  chin  is 
depressed  or  allowed  to  drop. 

In  the  case  of  very  robust  subjects,  or  those  in  whom  an  operation 
is  to  be  performed  on  a  particularly  sensitive  part  of  the  body  or  within 
the  abdomen,  anaesthesia  should  be  carried  slightly  farther  than  this 
before  the  surgeon  commences.  That  is  to  say,  the  corneal  reflex  should 
be  quite  abolished.  The  pupil,  after  being  enlarged  in  the  early  stages 
of  induction,  is,  when  proper  surgical  ansesthesia  is  reached,  about 
half-way  between  full  dilatation  and  extreme  contraction  in  size,  and 
reacts  to  light.  It  is  slightly  larger  in  ether  than  in  chloroform 
anajsthesia,  where  safety  is  best  preserved  by  keeping  the  pupil  small. 
The  size  of  the  pupil,  however,  as  an  indication  of  the  depth  of  anses- 
thesia  is  not  trustworthy  during  the  early  stages  of  an  operation. 
Peripheral  impressions  cause  variations  in  the  pupil.  In  all  cases  the 
ansesthetist  should  be  guided  mainly  by  the  respirations.  Every 
breath  should  be  either  heard  or  felt ;  for,  whilst  breathing  is  regular 
and  at  least  as  vigorous  as  that  of  normal  sleep,  trouble  due  to  the 
anaesthetic  need  not  be  feared.  At  the  same  time  a  close  watch  should 
be  kept  upon  the  colour,  as  estimated  by  observation  of  the  lobe  of 
the  ear.  The  pulse  should  be  felt  from  time  to  time,  and  the  condi- 
tion of  the  corneal  reflex  ascertained  every  few  minutes,  to  corroborate 
the  information  gained  by  watching  the  breathing  and  the  colour. 

In  the  case  of  operations  under  ether,  chloroform,  and  similar 
anaesthetics,  it  is  important  to  realize  that,  when  once  anaesthesia  is 
induced,  comparatively  small  amounts  of  anaesthetic  are  required  to 
maintain  it.  Thus  in  long  operations  a  constantly  diminishing  amount 
of  the  drug  is  applied,  so  that  in  the  case  of  chloroform,  for  instance, 
a  vapour  as  weak  as  i  per  cent,  constantly  supplied  often  sufiEices  to 
maintain  anaesthesia  during  the  greater  part  of  the  operation. 

SELECTION  OF  THE  ANESTHETIC 
When  a  general  ana?stlietic  is  required,  the  first  consideration  is 
the  choice  of  the  most  suitable  drug  to  employ  in  the  particular  case. 
We  will  therefore  first  consider  the  selection  of  the  anaesthetic.  Here 
we  are  at  once  confronted  with  the  difficulty  of  laying  down  rules 
eqiially  applicable  to  the  expert  and  to  the  inexpert.  In  the  case  of 
the  inexpert  administrator  the  wisest  plan  is  undoubtedly  to 
select  for  all  cases  the  same  routine  anaesthetic,  as  fax  as  this  is  possible, 
so  that  in  the  administration  of  that  one,  at  any  rate,  the  practitioner 
may  become  experienced.  For  this  purpose  we  require  (1)  an  anaes- 
thetic of  wide  applicability,  (2)  one  the  administration  of  which  can 
be  conducted  with  simple  and  portable  apparatus,  (3)  one  that  is  not 
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easily  rendered  dangerous,  and  (4)  one  the  administration  of  which  is 
easily  learnt. 

To  meet  these  requirements  there  is  nothing  better 
than  the  mixture  of  chloroform  and  ether  known  as 
the  C.E.  mixture/  administered  from  a  drop- 
bottle  upon  an  open  mask.  The  drop-bottle  should 
hold  at  least  three  ounces,  and  should  be  capable 
of  administering  the  drops  slowly,  rapidly,  or  in 
a  continuous  stream.  This  is  possible  from  a 
bottle  provided  with  a  top  designed  by  Hewitt 
(Fig.  IT'^)  or  from  a  Thomas's  drop-bottle.  The 
mask  should  be  a  light  metal  frame  enclosing 
an  area  of  al)out  five  inches  by  three,  and  high 
enough  to  avoid  touching  the  nose  when  applied  to 
the  patient's  face.  It  sliould  be  covered  with  a 
single  layer  of  thin  flannel  or  domette.  The  most 
convenient  form  of  maslc  is  a  Schimmelbusch's 
(Fig.  179),  having  the  handle  placed  at  one  side. 
The  flannel  or  domette  should  be  cut  so  as  to  leave 
a  margin  beyond  tlie  metal  edge  of  the  mask,  and 
should  be  fresh  for  each  case.  As  the  material  is  inexpensive  and  re- 
quires no  elaborate  fitting  or  stitching,  this  change  is  easily  effected. 


Fig.  179. — Schimmelbusch's  mask. 


Alethod  of  adni  mist  rat  ion. — The  mask  is  applied  closely  to  the  face, 
and  after  a  few  breaths  the  mixture  is  added,  a  very  few  drops 

^  The  mixture  is  made  of  chloroform  2  parts  and  ether  3  parts,  by  vohiine, 
shaken  together.     It  must  be  freshly  made. 


Fig.  178. 
Hewitt's  drop- 
bottle. 
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at  a  time.  During  the  first  two  minutes  the  mixture  is  poured 
on  in  such  small  quantities  that  never  more  than  one  quarter  of 
the  surface  of  the  mask  is  moist.  Then  it  is  added  more  freely 
until  in  the  case  of  men  the  whole  surface  of  the  mask  (in  the 
case  of  women  three-quarters,  and  in  the  case  of  children  one-half 
of  the  surface)  is  kept  moist  with  the  liquid.  At  least  four  minutes 
should  elapse  between  the  beginning  of  the  administration  and  the 
moment  when  the  maximum  quantity  is  first  placed  upon  the  mask. 
When  anaesthetizing  very  robust  or  alcoholic  subjects,  it  is  advisable 
to  have  at  hand  an  Ormsby's  inhaler  (Fig.  180)  and  an  ounce  of 
pure  ether.  If  the  stage  of  excitement  becomes  unduly  marked,  as 
may  be  the  case  with  these  difficult  subjects,  it  is  quickly  quelled 
and  anaesthesia  established  by  pouring  the  ether  on  to  the  sponge  of 
the  inhaler  and  applying  the  face-piece  closely  to  the  patient's  face. 
This  procedure,  however,  should  not  be  adopted  till  the  mixture  has 


been  in  use  for  at  least  four  or  five  minutes.  When  stertor  arises,  as 
will  quickly  occur,  the  inhaler  is  removed,  and  ansesthesia  continued 
by  use  of  the  open  mask  and  C.B.  mixture.  The  average  induction 
period  with  this  method  is  eight  minutes.  During  operation  the 
mixture  is  used  at  the  rate  of  about  one  ounce  in  fourteen 
minutes. 

Some  rigidity  of  the  jaw  muscles  and  of  the  limbs,  with  attempts 
to  sit  up,  is  not  uncommon  during  the  induction  stage.  This  is  met 
by  continuing  the  administration  smoothly,  without  any  attempt 
to  "  rush "  the  patient  by  greatly  increased  dosage.  Nor  should 
strenuous  efforts  be  made  to  keep  the  patient  perfectly  still  ;  it  is 
better  to  allow  him  free  movement  within  limits — care  being  taken, 
of  course,  that  he  does  not  hurt  himself  or  those  near  him,  and  that 
he  does  not  in  his  inco-ordinate  and  semi-conscious  movements  lurch 
himself  off  the  operating  table.  The  most  powerful  subjects  can  be 
kept  in  a  state  of  perfect  anaesthesia  for  long  periods  by  this  method. 


Fig.  180. — Ormsby's  ether  inhaler. 
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and,  on  the  other  hand,  it  may  be  safely  used  in  the  case  of  infants 
or  of  the  most  feeble.  In  the  latter  instances  care  is  required  not 
to  overdose  ;  only  a  small  portion  of  the  mask's  surface  should  be 
allowed  to  be  moist  with  the  mixture. 

Turnino-  now  to  the  choice  of  ana^stlietic  for  a  more  expert 
administrator  who  is  not  confined  to  a  routine  measure,  we  must 
take  into  consideration  :  (1)  the  safety  of  the  patient  ;  (2)  the  con- 
venience of  the  operator,  which  involves  the  consideration  of  the  kind 
of  ansestliesia  available  with  each  particular  anaesthetic,  and  its  suit- 
ability to  the  requirements  of  the  case  in  question.  Thus,  nitrous  = 
oxide  with  oxygen  or  air  is  the  safest  anaesthetic  at  our  dis- 
posal, yet  the  fact  tliat  it  cannot  always  be  relied  on  to  produce  mus- 
cular relaxation  or  perfect  stillness  when  sensitive  parts  are  handled 
limits  its  applicability.  This  limitation  is  emphasized  by  the  cum- 
brous nature  of  the  apparatus,  which  renders  it  impossible  to  carry 
as  much  of  the  gas  as  would  be  needed  for  a  long  operation.  More- 
over, the  necessary  changing  of  cylinders  is  a  liiglily  inconvenient 
proceeding  during  administration.  Therefore,  although  nitrous-oxide 
has  been  continuously  administered  in  hospital  for  over  two  hours,  it 
is  best  reserved  for  cases  not  lasting  more  than  about  ten  minutes  at 
the  most,  in  which  muscular  relaxation  is  not  essential  to  success,  and 
in  which  esj)ecially  sensitive  parts  of  the  body  are  not  involved. 
Eemoval  of  teetli,  or  of  small  tumours  or  sebaceous  cysts,  opening  of 
abscesses,  amputation  of  fingers,  and  dressings  of  a  painful  character 
are  common  occasions  when  nitrous-oxide  is  most  suitably  employed. 

Nitrous-oxide  is  not  a  safe  auiiesthetic  in  cases  where  there  is 
dyspncea.  Mechanical  narrowing  of  the  air-passages — e.g.  cellulitis 
of  the  neck  with  oedema  of  the  glottis — emphatically  contra-indicates 
the  use  of  "  gas  "  or  any  anresthetic  that  is  not  given  on  an  open 
mask  along  with  free  supply  of  air. 

Next  to  nitrous-oxide  in  point  of  safety  comes  ether,  which  should 
be  chosen  for  the  majority  of  cases  which  are  not  met  by  the  former 
anEcsthetic.  Ether  is  to  be  avoided,  however,  for  all  cases  where 
there  is  an  acute  affection  of  the  air-passages — e.g.  diphtheria,  acute 
bronchitis,  and  active  phthisis.  In  active  phthisis  cJdorofonn  should 
be  employed. 

The  cases  in  which  ethyl-chloride  is  of  special  advantage  are 
those  in  which  nitrous-oxide  is  not  suitable,  but  the  time  required  is 
short.  Thus,  small  children  who  are  to  have  tonsils  and  adenoids 
removed,  abscesses  opened,  etc.,  provide  a  field  in  which  this  drug  is 
of  great  use,  particularly  in  hospital  practice,  where  time  is  a  pressing 
question.  Nervous  people,  who  are  anxious  to  become  unconscious 
quickly,  are  also  subjects  with  whom  ethyl-chloride  may  be  employed 
with  special  benefit. 
2  Q 
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Although  valvular  disease  of  the  heart  does  not  per  se  necessitate 
any  departure  from  the  ordinary  rules  in  choosing  an  angestlietic,  unless 
compensation  is  broken,  yet  whenever  the  heart's  action  is  weak  ether 
has  special  advantages.  Thus,  in  cases  of  collapse  from  recent  injury 
or  long,  grave  illness,  this  is  the  drug  to  employ,  generally  by  the 
"  open  method."  Even  in  cases  of  empyema,  which  are  usually  best 
met  by  chloroform,  if  the  general  condition  is  sufBciently  feeble, 
"open  ether"  should  be  employed;  and  the  same  maybe  said  of 
asthmatic  subjects. 

In  cases  of  renal  disease  with  marked  albuminuria,  chloroform  is 
less  li]cely  to  increase  the  albumin  than  is  ether.  Moreover,  cases 
of  oedema  of  the  -lung  have  occurred  with  the  latter  drug  in  these 
circumstances.  Diabetes  may  be  terminated  by  coma  after  anassthesia, 
however  induced.  The  danger  is  diminished  by  reducing  the  sugar 
beforehand,  and  by  shortening  the  anajsthesia  as  far  as  possible.  Per- 
sons under  the  influence  of  opium  or  similar  drugs  require  particularly 
careful  handling  during  anaesthesia,  from  the  point  of  view  of  giving 
only  as  much  of  the  anresthetic  as  is  absolutely  necessary.  Those 
accustomed  to  the  free  use  of  alcohol  require  large  amounts  of  anaes- 
thetic. Ether  should  play  a  prominent  part  in  the  management  of  these 
cases,  in  which  there  is  frequently  present  a  fatty  condition  of  the 
heart  that  is  not  compatible  with  safety  if  chloroform  is  freely 
employed. 

Patients  suffering  from  conditions  associated  ivith  droivsiness — e.g. 
cerebral  tumour,  advanced  renal  disease — require  but  little  anfesthetic. 
Generally  in  such  cases  a  deep  degree  of  anaesthesia  is  only  necessary 
to  ensure  quiet  during  the  skin  incision,  as,  for  example,  while  the 
flap  is  made  from  the  scalp  in  cerebral  cases  and  during  the  first  inci- 
sion in  the  loin  in  calculus  cases  in  which  uraemia  has  already  begun. 
During  all  the  subsequent  stages  of  the  operation  the  anaesthetic  is 
administered  in  the  smallest  possible  quantities.  Chloroform  is  gener- 
ally best  suited  to  these  cases.  Pregnancy  is  no  bar  to  anaesthesia  if 
operation  becomes  necessary  during  this  condition.  Care  must  be 
taken,  though,  to  avoid  the  causation  of  cyanosis,  which  may  induce 
premature  labour.  In  childbirth  itself  chloroform  is  well  borne, 
and  in  ordinary  cases  is  used  only  during  the  pains  and  after  the  os 
is  nearly  fully  dilated.  A  condition  of  surgical  anaesthesia  is  not 
required.  When  this  is  necessary  for  operative  midwifery,  safety  is 
best  ensured  by  using  ether,  as  in  surgical  cases.  Lactation  has  no 
especial  bearing  upon  the  choice  of  anaesthetics,  but  it  is  important 
that  the  baby  be  not  suckled  until  the  mother  has  eliminated  the 
anaesthetic.  Thus  it  is  best  to  have  the  baby  bottle-fed  for  twenty- 
four  hours  after  the  mother's  operation.  In  this  connexion  it  may 
be  mentioned  that  when  the  mother  is  subjected  to  a  long  administra- 
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tion  of  chloroform  during  child 'oirtli  the  baby  may  be  drowsy  with 
the  drug  when  born,  and  may  require  extra  stimulation  to  ensure 
proper  breathing. 

Nature  and  the  site  of  operation  as  bearing  upon 
the  choice  of  anaesthetic. — Operations  upon  the  liead,  neck,  face, 
and  pharynx,  when  they  can  be  done  within  about  ten  minutes,  are 
best  met  by  producing  a  deep  ether  anassthesia  and  then  removing 
the  apparatus,  giving  no  more  anfesthetic  while  the  operation  is 
performed.  Most  cases  of  sebaceous  cyst,  harelip,  epulis,  epithelioma 
of  lip,  and  suppurating  glands  of  neck  are  well  managed  in  this  way. 


Fig.  181. — Apparatus  for  administration  of  ether  by  the  nose. 

When  a  long  operation  is  necessary  the  ana'sthesia  tlms  produced  is 
allowed  to  become  lighter  until  a  brisk  corneal  reflex  has  returned, 
and  then  chloroform  is  administered  from  a  Junker's  inhaler  and  tube 
(Fig.  188).  A  similar  plan  is  adopted  for  the  removal  of  many  teeth  or 
for  removal  oj  jaw  or  tongue,  except  that  it  is  often  best  to  produce 
the  initial  ansesthesia  with 
C.E.  mixture.  When  it  is 
not  convenient  to  continue 
with  chloroform  through  a 
tube  at  the  side  of  the 
mouth,  the  aneesthetic  must 
be  given  through  a  nasal 
catheter  (p.  675).  Ether 
may  be  used  throughout  in 
these  cases  by  means  of  the 
apparatus  shown  in  Fig. 
181.  Tonsils  and  adenoids  may  be  removed  under  gas  '  or  ethyl - 
chloride  when  the  surgeon  desires  a  rapid  operation.  A  Doyen's  gag 
(Fig.  182)  is  to  be  inserted  before  applying  the  face-piece,  that  time 
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may  not  be  lost  in  opening  the  moutli.  When  a  longer  operation  is 
required,  as  for  enucleation  of  tonsils,  a  preliminary  C.E.  anaesthesia, 
followed  by  chloroform  from  Junker  and  tube,  is  best.  For  opera- 
tions not  so  long  the  wisest  plan  is  a  deep  ether  or  C.E.  anaesthesia, 
with  no  more  anfesthetic  after  the  operation  has  begun.  When  the 
operator  requires  the  head  and  shoulders  to  be  raised  during  opera- 
tion, if  chloroform  is  used  the  anaesthesia  must  not  be  so  deep  as  to 
abolish  the  corneal  reflex.  Moreover,  whenever  in  these  operations 
the  head  is  kept  to  the  middle  line,  either  an  active  coughing  reflex  is 
to  be  retained  or  else  blood  frequently  sponged  out  from  the  pharynx. 
Whenever  the  surgeon  can  operate  with  the  patient  turned  on  to  one 
side,  then  a  deep  anaesthesia  may  be  safely  allowed,  as  there  is  no  risk 
of  inhalation  of  blood,  which  in  this  position  will  fall  into  the  lower 
cheek.  At  the  completion  of  the  operation  the  patient  should  be 
turned  completely  over,  face  downwards,  with  the  head  hanging  over 
the  end  of  the  table,  so  that  blood  may  easily  escape  from  the  mouth 
and  nose.  Operations  upon  the  inside  of  the  nose  are  managed  in  the 
same  way.  The  mouth  should,  from  the  first,  always  be  kept  open  by 
a  small  prop  or  a  Doyen's  gag. 

Operations  for  cleft  palate  are  best  managed  with  chloroform 
throughout.  A  deep  anaesthesia  is  necessary  and  must  be  very  gradu- 
ally procured.  In  these  cases,  in  which  the  infant  is  usually  feeble,  it 
is  apt  to  be  accompanied  by  pallor  and  gentle  breathing.  Care  is 
required  to  keep  the  lower  jaw  from  falling,  the  pulse  is  to  be  felt 
frequently,  and  extremely  small  quantities  of  chloroform  given,  the 
Junker  pump  being  employed  strictly  with  inspirations  only,  and 
never  firmly  compressed. 

Operations  upon  the  eye  are  best  performed  under  chloroform,  as 
congestion  is  thus  avoided.  Enucleation,  however,  in  which  congestion 
is  unimportant,  should  be  done  under  full  ether  anaesthesia.  Operations 
for  squint  also  may  well  be  done  under  ether,  deep  anaesthesia  being 
secured  before  the  commencement  of  the  operation,  after  which  no 
further  anaesthetic  is  needed.  Operations  tvithin  the  skull  are  best  done 
under  chloroform,  deep  anaesthesia  being  necessary  only  while  the  scalp 
and  the  dura  mater  are  being  cut. 

Long  operations  upon  the  neck  are  often  attended  with  interrup- 
tions to  respiration.  For  this  reason  it  is  advisable  to  avoid  unmixed 
chloroform  and  to  employ  C.E.  or  ether  by  the  open  method.  The 
same  rule  applies  to  operations  upon  the  thyroid  gland,  in  which  it  is 
also  of  great  importance  to  preserve  a  light  anaesthesia  as  soon  as  the 
skin  incision  is  past.  Cases  of  exophthalmic  goitre  are  among  the 
most  dangerous  for  general  anaesthesia.  Deep  chloroform  anaesthesia 
is  to  be  avoided.  Severe  cellulitis  of  the  neck  supplies  another  group 
of  dangerous  cases  in  which  C.E.  or  chloroform  is  the  anaesthetic  to 
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choose.  Either  must  be  used  with  very  free  air  dihitiou,  and  only  a 
light  anaesthesia  be  obtained.  "  Gas  "  and  ether,  ethyl-chloride,  and 
all  closed  apparatus  are  highly  dangerous  in  the  subjects  of  this 
ai?ection,  for  oedema  of  the  glottis  is  often  present  and  will  be 
aggravated  by  any  such  limitation  of  the  air  supply. 

Operations  upon  the  larynx  or  trncJtea  are  to  be  performed  under 
chloroform.  When  the  administration  has  to  be  continued  after 
performance  of  tracheotomy,  this  is  conveniently  effected  by  pump- 
ing chloroform  vapour  into  the  traclieotomy  tube,  the  mouth  of  a 
tube  attached  to  a  .Junker's  inhaler  being  inserted  into  the  upper 
end  of  tlie  tracheotomy  tube.  Breathing  is  very  cjuiet  in  tliese  cir- 
cumstances, and  care  is  required  to  ensure  that  the  squeezing  of  the 
pump  be  not  too  forcible  and  that  it  coincide  with  the  inspirations. 
When  urgent  dyspncea  has  been  present,  as  in  diphtheria  cases,  respira- 
tion may  cease  when  anaesthesia  is  established.  The  surgeon  should 
then  open  the  trachea  and  insert  the  tube  with  all  possible  speed  to 
permit  tlie  anaesthetist,  by  compressing  the  chest,  to  re-establish 
respiration. 

In  breast  cases,  long  administrations  of  ether  are  undesirable  for 
fear  of  subsequent  bronchitis.  C.E.  or  ether  should  be  used  for 
the  first  twenty  minutes,  and  chloroform  afterwards,  maintaining  a 
light  degree  of  anaesthesia.  The  same  rule  applies  to  long  abdominal 
cases.  In  both  cases,  however,  if  the  patient  is  feeble  it  is  better  to 
risk  subsec|uent  lung  affections  and  use  ether  by  the  open  method 
tla-oughout. 

For  rectal  operations,  deep  ether  anaesthesia  is  best,  unless  contra- 
indicated  by  the  state  of  tlie  lungs,  as  in  cases  of  fistula  associated 
Avitli  phthisis. 

The  operation  of  circumcision  in  infants  is  best  performed  under  an 
anaesthesia  induced  by  C.E.  or  chloroform,  and  maintained  with  pure 
ether  on  an  open  mask.  A  light  anaesthesia  is  all  that  is  required 
after  the  removal  of  the  prepuce.  Perfect  stillness  of  the  lower  limbs 
is  only  obtained  by  a  very  deep  ana?sthesia  in  these  cases.  It  is  far 
better  to  rely  on  a  light  anaesthesia  and  have  the  tliighs  controlled 
by  an  assistant  at  the  moment  of  the  cut  through  the  prepuce.  It 
is  a  mistake  to  think  that  chloroform  is  essential  for  infants  ;  many 
fatalities  have  resulted  through  performing  this  operation  during  a 
deep  chloroform  anaesthesia. 

ETHER 

Ether  is  a  transparent,  colourless,  volatile  liijuid  with  pungent 
odour  and  burning  taste.  Its  vapour  is  highly  inflammable,  and  when 
mixed  with  air  explodes  violently  if  near  a  flame.  Ether  bottles, 
therefore,  must  never  be  placed  near  a  fire  or  a  gas-jet ;  the  liquid  must 
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never  be  poured  out  in  any  such  neighbourhood  ;  and  ether  anaes- 
thesia must  not  be  employed  when  the  actual  cautery  is  to  be  applied. 
Two  kinds  of  ether  are  available  for  anpesthetic  purposes  :  (1)  Ether 
purificatus  (off.),  sp.  gr.  not  above  '722  or  below  '720,  obtained  from 
pure  rectified  spirit;  and  (2)  rectified  ether,  sp.  gr.  '720,  obtained  from 
methylated  spirit.  Either  kind  should  be  neutral  to  test  paper.  The 
latter  is  considerably  the  less  expensive.  The  results  obtainable  from 
the  two  kinds  in  practice  are  almost  identical. 

Ether  may  be  given  in  two  totally  different  ways,  according  as 
closed  apparatus  is  used  or  the  open  method  employed.  Each  method 
has  its  advantages  and  its  disadvantages.  In  the  case  of  the  closed 
method,  by  initiating  the  ether  administration  with  nitrous-oxide  or 
ethyl-chloride  patients  can  be  anaesthetized  without  tasting  the  ether 
at  all  during  the  period  of  induction — in  some  cases  a  great  advantage. 
Unconsciousness  is  quickly  attained  in  this  way,  without  the  escape 
of  any  great  amount  of  ether  vapour  into  the  air  of  the  room.  More- 
over, the  most  difficult  subjects  can  be  anaesthetized.  On  the  other 
hand,  there  is  in  many  cases  a  certain  amount  of  cyanosis,  of  spasm, 
and  of  mucous  secretion,  all  of  which  are  less  when  the  open  method 
is  used.  The  latter  method  also  is  very  mucli  simpler,  as  well  as 
safer.  It  is  to  be  preferred,  therefore,  by  those  who  use  ether  as  a 
routine  anaesthetic  in  all  cases,  although  it  is  not  efficient  in  the  case 
of  very  alcoholic,  robust  subjects  without  the  expenditure  of  much 
time  and  the  prolongation  of  the  excitement  stage. 

Administration  by  the  open  method  is  thus  conducted :  A 
mask,  similar  to  that  used  for  C.E.  (p.  655),  though  sometimes  of  a 
larger  size,  is  covered  with  ten  layers  of  fine  gauze  or  two  layers  of 
the  flannel  used  in  the  case  of  C.E.  A  face-pad  of  gauze,  made  by 
tying  together  the  two  ends  of  a  roll  about  an  inch  thick  and  one  and  a 
half  feet  long,  is  laid  upon  the  patient's  face  so  that  the  whole  of  the 
mouth  and  nose  are  within  the  circle  of  gauze.  The  mask  is  then 
placed  lightly  on  the  face,  resting  on  the  gauze  pad,  and  the  patient 
is  told  to  breathe  gently  in  and  out  of  the  mouth.  After  a  few  breatlis 
ether  is  added  drop  by  drop  from  a  drop-bottle  of  the  same  kind  as 
that  used  for  C.E.  At  first  only  the  lower  part  of  the  mask  is  moist- 
ened, but  after  three  minutes,  as  the  patient  becomes  accustomed 
to  the  vapour,  and  if  his  breathing  is  uninterrupted  by  coughing  or 
holding  of  the  breath,  the  ether  is  added  freely  until  the  whole 
surface  of  the  mask  is  kept  saturated.  Excitement  is  not  a  marked 
feature  of  the  induction,  and  objection  to  the  vapour  is  less  than 
might  be  expected,  provided  that  the  ether  is  dropped  on  in  suffi- 
ciently small  quantities  during  the  first  minutes.  When  anfesthesia 
is  established  it  is  not  necessary,  except  in  the  case  of  difficult  subjects, 
to  add  ether  freely,  perfect  immobility  being  usually  maintained  if  the 
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drug  is  steadily  added  by  drops.  A  considerable  amount  of  ether 
vapour  escapes  into  the  surrounding  air,  and  may  be  objectionable  to 
those  engaged  upon  the  case.  This  is  one  disadvantage  of  the  method  ; 
another  is  the  large  amount  of  ether  used,  so  that  the  anaesthetist 
must  be  plentifully  supplied  with  the  drug  if  a  long  case  is  anticipated  ; 
10  oz.  is  frequently  required  in  such  circumstances. 

This  metliod  of  giving  ether  can  be  adojjted  for  use  in  long  opera- 
tions about  the  mouth  or  nose,  as,  for  instance,  removal  of  the  tongue, 
for  which  the  closed  method  is  unavailable.  To  use  ether  in  these 
cases  it  is  necessary  to 
be  supplied  with  the 
apparatus  shown  in 
Fig.  181.  When  antes- 
thesia  has  been  estab- 
lished by  the  open 
method  the  pharynx 
and  pharyngeal  aspect 
of  the  epiglottis  and  la- 
rynx are  brushed  with 
a  2  per  cent,  solution 
of  cocaine.  The  rubber 
tubes  are  passed  into 
the  nares  till  the  lower 
ends  are  opposite  the 
epiglottis.  The  pharynx 
is  now  packed  with  a 
roll  of  sterilized  gauze, 
while  the  tongue  is 
held  forward.  Ana'S- 
thesia  is  then  kept  up 
by  dropping  ether  upon 
the  ilannel  closing  in  the  glass  funnel.  When  the  method  is  employed 
for  long  operations  within  the  nose,  the  tubes  are  inserted  far  back 
into  the  mouth  and  the  oral  cavity  around  them  is  packed.  In  the  case 
of  difficult  subjects  the  use  of  ether  by  the  open  method  is  best  pre- 
ceded by  a  hypodermic  injection  of  morpliia  gr.  ^  and  atropine  gr.  Y^uy 
given  half  an  hour  before.  In  all  cases  it  should  be  preceded  by  atropine. 

For  using  ether  by  the  close  method  numerous  inhalers  have 
been  devised,  all  of  them  aiming  at  one  or  both  of  two  principles 
— viz.  restriction  of  air  supply  and  gradation  of  the  strength  of  ether 
vapour.  We  shall  describe  the  use  of  only  one  mhaler — Clover's 
(Fig.  183) — whicli  well  achieves  both  these  ends.  This  instrument 
consists  of  three  main  parts  :  a  face-piece  that  is  screwed  on  to  the 
ether  reservoir,  on  to  the  top  of  which  fits  a  bag.    There  is  an 
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opening,  through  which  ether  is  poured  to  charge  the  inhaler ; 
this  is  closed  by  a  glass  stopper.  By  movement  of  the  regulator, 
inspirations  at  the  face-piece  are  allowed  to  traverse  the  ether  in 
increasing  degrees,  so  that,  when  an  inspiration  is  drawn  through  the 
apparatus  witli  the  indicator  at  "  one  half  of  the  inspired  air 
passes  over  the  ether,  but  if  the  indicator  is  at  f  the  whole  must 
pass  in  this  way.  Before  use  the  inhaler  should  be  warmed.  An 
ounce  and  a  half  of  ether  is  then  inserted  with  the  indicator  at  |,  the 
stopper  replaced,  the  indicator  moved  to  0,  and  a  long  breath  blown 
through  the  inhaler  from  the  face-piece  to  clear  out  any  ether  vapour 
that  may  have  escaped  into  the  central  shaft.  The  face-piece  must  be 
screwed  on  to  the  reservoir  in  such  a  position  that  when  the  inhaler 
is  in  use  the  opening  for  pouring  in  ether  looks  upwards.  The  narrow 
end  of  the  face-piece  corresponds  with  the  bridge  of  the  patient's  nose. 

Being  now  charged  with  ether,  but  freed  from  any  smell  of  it,  the 
inhaler  is  applied  to  the  face  in  such  a  way  that,  though  there  is  no 
leakage  of  air  round  the  edge  of  the  face-piece,  yet  this  does  not  press 
heavily  upon  the  patient.  The  face-piece  is  grasped  firmly  by  the 
anaesthetist's  left  hand,  the  little  finger  of  which  rests  behind  the  angle 
of  the  lower  jaw  of  the  patient  on  the  left  side,  his  head  being  turned 
to  the  right.  The  anaesthetist's  right  hand  serves  to  regulate  the 
degree  of  pressure  which  the  inhaler  bears  upon  the  patient's  face,  and 
also  to  move  the  indicator  for  admission  of  ether  vapour.  The  patient 
is  asked  to  breathe  in  and  out  of  the  mouth,  and  during  the  first  two 
breaths  the  face-piece  is  just  raised  during  inspiration  and  closely 
applied  during  expiration.  Thus  the  bag  is  distended.  Then  the  face- 
piece  is  allowed  to  rest  on  the  face  continuously,  and  the  indicator  is 
slowly  moved  from  0  towards  F.  At  first  this  is  done  so  slowly  that 
at  least  a  minute  is  spent  before  J  is  reached.  Any  coughing  or 
holding  of  the  breath  at  this  time  shows  that  the  indicator  is  being 
moved  too  fast,  and  it  is  put  back.  At  the  end  of  about  three  minutes, 
the  indicator  being  at  J,  consciousness  will  be  abolished  and  the 
indicator  may  be  pushed  on  more  rapidly.  For  an  adult  man  it  is 
pushed  on  to  F  and  kept  there  until  the  skin  incision  has  been  made, 
when  it  is  brought  back  to  ^.  In  the  course  of  long  operations  it  is 
often  brought  back  to  J,  or  half-way  between  that  and  0.  When 
stertor  is  first  heard  the  face-piece  is  raised  during  one  inspiration 
and  reapplied.  There  must  be  no  hurry  to  admit  air  before  this  point 
is  reached,  even  if  a  little  duskiness  of  the  face  is  incurred,  as  prolonged 
excitement  in  the  induction  stage  is  apt  to  follow.  When  anaesthesia 
has  been  reached  the  face-piece  is  raised  sufficiently  often,  generally 
about  once  in  every  five  breaths,  to  keep  the  colour  free  from  cyanosis 
by  admission  of  breaths  of  air.  In  "  easy  "  subjects  the  bag  may  be 
left  off  entirely,  air  being  thus  freely  admitted  throughout. 
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By  preceding  ether  with  nitrous-oxide,  anaesthesia  can  be  in- 
duced without  the  uni^leasantness  of  ether  vapour  becoming  apparent 
to  the  patient.  Tlie  procedure  is  best  executed  by  the  apparatus 
and  the  manceuvres  just  described,  with  sliglit  modification.  Tims  the 
small  bag  is  not  used  at  first,  but  is  replaced  by  that  figured  in  Fig.  184, 
which  is  connected  with  a  cylinder  of  nitrous-oxide.  No  ether  is  poured 
into  the  reservoir  until  the  patient  has  inhaled  six  breaths  of  nitrous- 
oxide.  During  this  time  the  expirations  are  allowed  to  escape  by 
the  expiratory  valve  shown  in  Fig.  184.  This  is  then  closed,  and  witli- 
out  moving  the  face-piece  the  stopper  of  the  ether  reservoir  is  removed, 
1^  oz.  of  ether  is  inserted,  and  the  stopper  replaced.  The  indicator  is 
then  moved  as  in  the  administration  of  etlier  alone,  so  tliat  the  patient 
will  be  breathing  to  and  fro  an  atmosphere  of  nitrous-oxide  with  con- 
stantly increasing  additions  of  ether  vapour.  When  the  point  -|  is 
reached,  the  gas  bag  is  replaced  by  the  small  bag  and  anfesthesia 
maintained  as  with  ether  alone. 

When  it  is  desired  to  precede  ether  with  ethyl-chloride  a 
small  bag  must  be  used,  fitted  with  a  tap  (Fig.  187).  This  bag  is  fitted 
on  to  the  top  of  the  ether  reservoir,  and  the  administration  is  started 
■exactly  as  described  on  p.  670.  After  the  fourth  breath  the  neces- 
sary ether  is  inserted  and  the  indicator  rapidly  pushed  along,  so  that 
an  ether  anaesthesia  supervenes  upon  that  of  ethyl-chloride  without 
any  interval  of  consciousness.  As  soon  as  stertor  arises  the  small 
bag  should  be  lifted  off  during  three  breaths,  and  squeezed  free 
of  any  ethyl-chloride  vapour  within  it.  It  is  then  placed  on  again 
during  the  expiration,  and  the  administration  goes  on  as  in  the  case 
of  ether  only. 

Ether  is  sometimes  administered  by  what  is  known  as  the  semi- 
closed  method.  For  this  purpose  inhalers  such  as  those  of  Allis  or 
Rendle  are  employed,  whereby  air  supply  is  to  some  extent  restricted, 
the  strength  of  the  vapour  supplied  being  graduated  only  by  the  vary- 
ing proximity  of  the  inhaler  to  the  face.  In  our  opinion  this  method 
never  has  any  advantage  over  one  of  those  just  described. 

NITROUS-OXIDE 

At  ordinary  pressure  and  temperature  nitrous-oxide  is  a  colourless 
gas  with  sweetish  odour  and  taste.  It  is  supplied  in  tlie  liquid  form 
within  strong  cylinders  under  a  pressure  of  50  atmospheres.  Fifteen 
ounces  of  the  liquid  furnish  -50  gallons  of  the  gas,  and  if  the  cylinders 
are  securely  jointed  the  liquid  will  keep  for  an  indefinite  period.  Intense 
cold  accompanies  the  conversion  of  the  liquid  into  gas,  therefore  care 
must  be  taken  not  to  liberate  it  too  fast  from  the  cylinders  lest  freez- 
ing occur  about  the  joint.    After  using  a  cylinder  the  liberating  screw 
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must  be  turned  off  again  very  thorouglily  to  prevent  loss  of  the  gas 
by  leakage.  When  given  pure,  nitrous-oxide  affords  an  ansesthesia 
of  about  half  a  minute.  Its  full  anaesthetic  effect  is  accompanied  by 
spasmodic  obstruction  in  the  upper  air-passages,  cyanosis,  clonic  and 
sometimes  tonic  muscular  contractions.  By  the  use  with  nitrous- 
oxide  of  air,  or  of  oxygen, 
these  phenomena,  which  ne- 
cessitate the  removal  of  the 
anaesthetic,  may  be  postponed 
or  greatly  diminished,  and 
hence  a  longer  inhalation  of 
nitrous-oxide  is  rendered  pos- 
sible. A  proportionately  longer 
anaesthesia  is  thus  obtained. 
The  combination  of  oxygen 
with  nitrous  -  oxide  requires 
special  apparatus  and  con- 
siderable practice  to  ensure 
good  results.  Its  advantage 
over  that  of  air  and  nitrous- 
oxide  skilfully  employed  is  not 
sufficient  to  recommend  it, 
except  to  the  expert  who  has 
much  practice  and  to  whom 
the  additional  apparatus  is  not 
a  formidable  obstacle. 

The  apparatus  (Fig.  184) 
for  giving  nitrous-oxide,  pure 
or  with  air,  consists  of  two 
side-valve  cylinders,  c,  c,  each 
yielding  25  gallons,  with  stand, 
double  union,  and  foot-key. 
For  hospital  work  cylinders  of 
50  or  100  gallons  are  generally 
used.  These  are  joined  by  an 
india-rubber  tube  to  an  india- 
rubber  bag  capable  of  holding 
Fig.  184.-Apparatus  for  administration  -    to   3  gallons   of  the  gas. 

of  nitrous-oxide  gas.  This  bag  connects  with  the 

face-piece  by  Hewitt's  valved 
stopcock.  The  cylinders  are  not  to  be  used  alternately,  but  the  foot- 
key  is  kept  on  one,  and  this  is  used  till  it  is  exhausted.  The  other  is 
then  brought  into  use,  and  the  empty  cylinder  replaced  by  a  full  one. 
The  full  cylinder  should  be  tested  by  weight  before  being  used,  to  see 
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tliat  the  weight  stated  on  the  lal^el  is  correct.  The  sound  which  a  full 
cylinder  gives  Avhen  struck  with  a  metal  instrument  is  different  from 
that  given  by  an  empty  cylinder  treated  in  the  same  way. 

Before  use  the  apparatus  is  to  be  tested  by  turning  the  foot-key, 
letting  a  little  gas  into  the  bag  with  the  stopcock  closed,  and  j^ress- 
ing  it  out  of  the  open  expiratory  valve.  The  foot-lcey  is  turned  by 
pressing  firmly  on  it  with  one  foot  and  rotating  tlie  knee  from  left  to 
right.  Before  starting  to  administer,  put  the  cylinders  into  such  a  posi- 
tion that  the  foot-key  is  easily  reached  and  worked  when  the  face-piece 
is  being  held  to  the  patient's  face.  Then,  with  the  stopcock  ''  off,"' 
fill  the  bag  about  two-thirds  full.  The  patient  having  been  examined 
in  the  ordinary  way  (p.  652),  a  small  prop  (Fig.  175) — or,  if  neces- 
sary in  a  dental  case,  a  larger  one — is  placed  between  the  teetli ;  the 
liead  is  allowed  to  rest  in  a  suitable  position,  neither  flexed  nor  extended, 
but  in  its  natural  relation  to  the  chest ;  and  the  face-piece  is  gently 
applied,  so  that  it  fits  the  face  accurately,  the  apex  resting  on  the 
bridge  of  the  nose  and  the  broad  end  on  the  chin.  The  sound  made 
by  the  valve  working  as  the  patient  breathes  in  and  out  will  show  that 
the  face-piece  is  properly  applied.  If  there  is  a  moustache  or  beard, 
the  hair  should  be  moistened  with  water  where  it  comes  into  contact 
with  the  face-i>iece.  This  is  held  by  the  antcstlietist's  left  hand,  with 
the  little  finger  pressing  up  below  the  patient's  chin.  Two  fingers  of 
the  right  hand  are  employed  to  keep  the  rim  of  the  face-piece  closely 
pressed  against  the  b-ridge  of  the  nose,  where  air  leakage  is  most  likely. 
The  patient  is  asked  to  breathe  freely  in  and  out  of  the  mouth.  The 
stopcoclc  is  tb.en  turned  on  with  the  right  hand,  and  nitrous-oxide  is 
thus  admitted  from  the  bag  to  the  patient's  moutli.  At  the  same 
time  the  foot-key  is  worked  so  that  gas  gently  streams  into  tlie  bag. 
The  gas  is  now  being  inhaled  from  the  bag  and  expired  into  the  air. 
After  about  half  a  minute  consciousness  goes,  the  breathing  is  deeper 
and  cjuicker  than  natural,  the  face  becomes  dusky,  and  the  pupils  dilate. 
After  about  twenty  to  thirty  breaths,  jerky,  guttural,  stertorous  respira- 
tory noises  demonstrate  the  2:)resence  of  ana)sthesia,  and,  in  the  case  of 
a  very  sliort  operation,  afi'ord  an  indication  to  remove  the  face-piece. 
If  a  slightly  longer  anfesthesia  is  desired,  the  expiratory  valve  should 
be  closed  and  re-breathing  for  a  few  breaths  be  allowed. 

An  administration  such  as  this  suffices  for  such  procedures  as 
extraction  of  two  or  tbree  teeth,  or  the  opening  of  an  abscess. 

The  conjunctival  reflex  is  abolished,  but  not  the  corneal.  Mus- 
cular twitching  or  jactitation  or  opisthotonos,  or  pallor  (a  rare 
occurrence),  if  they  arise,  must  be  regarded  as  signals  to  stop  the 
administration. 

If  the  operation  is  not  one  within  the  mouth  the  occurrence  of  any 
of  these  phenomena,  stertor,  t^vitchings,  etc.,  is  the  signal  to  allow  the 
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operation  to  begin.  Air  is  then  admitted,  by  turning  off  the  stopcock, 
until  the  stertor  has  subsided.  Usually  two  or  three  breaths  suffice. 
Gas  is  now  readmitted  by  again  closing  tlie  stopcock,  and  in  this  way, 
by  giving  regular  breaths  of  air  alternating  with  every  four  of  nitrous- 
oxide,  anaesthesia  may  be  kept  up  as  long 
as  desired.  The  longer  the  administration 
lasts  the  shorter  must  the  intervals  be 
between  the  admissions  of  air.  The  anaes- 
thetist must  be  guided,  however,  by  the 
patient's  colour  and  his  manner  of  re- 
spiration. Differeiit  types  of  individual 
require  different  proportions  of  nitrous- 
oxide  and  of  air.  Thus,  whereas  muscu- 
lar, high-coloured,  and  alcoholic  individuals 
must  be  scantily  treated  as  regards  air- 
admission,  tliis  must  be  freely  practised 
and  begun  before  stertor  arises  in  the  case 
of  children  and  of  the  ansemic  and  the 
feeble.  Intervals  of  apn«a  not  uncom- 
monly arise  in  the  course  of  long  nitrous- 
oxide  inhalations.  A  stoppage  of  respira- 
tion in  such  circumstances  must  not 
alarm  the  anaesthetist.  He  must  remove 
the  face-piece,  tilt  up  the  chin,  and,  if 
respiration  is  not  resumed,  press  the  chest. 
Breathing  will  start  again  without  any 
deleterious  effects  being  produced.  The 
condition  is  different 
from  and  without  the 
dangers  of  that  seen 
when  respiration  ceases 
during  the  inhalation 
of  chloroform  and 
other  anaesthetics. 

For  giving  nitrous- 
oxide  with  definite 
percentages  of  oxygen 
the  procedure  is  simi- 
lar to  that  described, 
but  special  apparatus 

(Fig.  18-5)  is  necessary.  When  the  face-piece  is  applied  and  the  patient 
is  breathing  satisfactorily  through  the  mouth,  the  indicator  is  at  once 
put  to  2.  The  figures  marked  upon  the  metal  mixing-chamber  indicate 
the  percentages  of  oxygen  admitted  by  moving  the  indicator  ;  thus  a 


Fig. 


185. — Hewitt's  apparatus  for 
and  oxygen." 
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mixture  of  98  per  cent,  nitrous-oxide  and  2  per  cent,  oxygen  will  now  be 
inhaled.  After  four  breaths  the  indicator  should  be  advanced  to  3, 
and  by  the  end  of  a  minute  it  should  be  at  6.  Auassthesia  is  not  marked 
by  any  violent  stertor,  such  as  is  heard  with 
nitrous-oxide  alone.  A  gentle  snore,  accom- 
panied by  absence  of  conjunctival  reflex,  flac- 
cidity  of  muscles,  and  a  fixed  or  slowly 
oscillating  condition  of  the  globes  of  the  eye, 
is  the  usual  sign  of  anaesthesia.  The  pupils 
are  generally  of  moderate  size.  Excitement,  if 
present,  indicates  that  oxygen  is  being  too 
freely  used,  and  the  indicator  will  then  be 
pushed  back  towards  the  N.,0  mark.  On  the 
other  hand,  blueness  or  jactitation  calls  for 
more  oxygen,  and  in  the  course  of  prolonged 
operations  as  much  as  20  per  cent,  may  be 
needed,  10  per  cent,  being  an  amount  com- 
monly required. 

In  order  to  permit  the  performance  of  a 
moderately  long  operation  within  the  mouth, 
such  as  extraction  of  many  teeth,  under 
nitrous-oxide  ansesthesia,  apparatus  has  been 
devised  for  the  administration  of  "  gas,"  and 
also  of  "  gas  "  and  oxygen,  through  the  nose. 
The  use  of  this,  however,  is  only  occasion- 
ally desirable,  requires  special  practice,  and 
can  always  be  well  replaced  by  ether  antes- 
thesia.  Space,  therefore,  will  not  be  given 
here  to  a  description  of  the  nasal  administra- 
tion of  nitrous-oxide. 

ETHYL-CHLORIDE 

Ethyl-chloride  (Cl,HjCl)  is  supplied  in  her- 
metically sealed  glass  tubes,  from  which  it  is 
liberated  in  the  form  of  a  spray  by  means  of 
sprmg  taps  of  various  kinds  (Fig.  L'^6).  It  is 
inflammable  and  not  to  be  used  near  a  naked 
flame  ;  it  must  be  pure,  and  consequently  that 
sold  for  local  ansesthetic  purposes  is  not 
usually  fitted  for  producing  general  antesthesia  ; 
and  it  should  be  used  only  as  a  preliminary  to  other  anaesthetics 
{see  pp.  66-5  and  671),  or  else  for  such  operations  as  can  be  done 
in  a  few  minutes  after  the  inhalation  of  a  dose  sufficient  to 
produce  anaesthesia. 


Fig.  1,S().— Ethyl- 
chloride  tube. 
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The  administration  is  thus  conducted  :  A  small  prop  is  placed 
between  the  patient's  teeth,  because  of  the  frequency  with  which 
severe  jaw-spasm  arises.  A  dose  of  ethyl-chloride  (2  c.c.  for  children 
up  to  four  years  of  age,  3  c.c.  up  to  ten,  4  c.c.  for  older  children  and 
women,  and  5  c.c.  for  men)  is  sprayed  into  the  bag  through  its  top. 
The  face-piece  is  gently  adapted  to  the  face  so  as  to  catch  an  expiration 
and  then  remain  in  close  contact.  The  patient  is  asked  to  breathe 
quietly  only,  and  the  bag,  which  was  at  first  allowed  to  hang  at  right 
angles  to  the  face-piece,  is  during  tliree  breaths  raised  till  it  is  at 


Fig.  187. — Administration  of  ethyl-chloride  from  small  bag  of 
Clover's  inhaler. 

(Bbiiiifcld's  "Aiicrsthctics.") 

right  angles  to  the  face  (Figs.  187  and  187a).  After  the  third  breath 
the  face-piece  is  lifted  off  the  face  during  one  inspiration  and  closely 
reapplied  to  catch  the  expiration.  Unconsciousness  supervenes  with 
remarkable  rapidity  and  quietness.  Children  are  often  rmconscious 
after  the  second  breath  from  the  bag,  and  adults  after  four  or  five. 
The  face  is  flushed,  without  any  blueness.  There  may  be  no  stertor, 
and  the  fixed  position  of  the  globes,  with  a  dilated  pupil  and  absence 
of  conjunctival  reflex,  is  the  best  indication  of  ansesthesia.  The 
corneal  reflex  should  not  be  abolished.  When  ansesthesia  is  reached 
the  apparatus  is  removed. 
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Ethyl-chloride  is  not  well  adapted  for  the  maintenance  of  a  pro- 
longed anaesthesia.  An  anaesthesia  lasting  between  one  and  two 
minutes  is  generally  obtainable  from  a  single  dose.  Recovery  of 
consciousness  is  rapid,  but  is  more  often  accompanied  by  siclmess  or 
by  headache  than  is  the  case  with  nitrous-oxide.  Moreover,  faintness 
is  sometimes  a  sequel,  and  fatal  collapse  has  occurred  in  several  recorded 
instances.  Ethyl-chloride  is  therefore  not  to  be  regarded  as  on  the 
same  footmg  of  safety  as  "  gas,"  and,  in  spite  of  its  great  convenience 
and  extreme  rapidity  of  action,  should  never  replace  nitrous-oxide 


Fig.  187(7. — Administration  of  ethyl-chloride  from  small  bag  of 
Clover's  inhaler. 

( /.'/;( in/cld  s  '  .1  lursthctus .") 

when  this  is  available  and  suitable.  Carefid  limitation  of  doses 
employed,  early  admission  of  a  breath  of  air,  and  the  lying-down  posi- 
tion of  the  patient,  are  probably  the  most  important  points  to  be 
observed  for  securing  safety  with  ethyl-chloride. 

In  addition  to  its  employment  in  the  manner  described,  ethyl- 
chloride  is  sometimes  used  upon  an  open  mask  as  a  preliminary  to 
C.E.  or  to  chloroform.  The  object  then  is  not  to  produce  abso- 
lute anaesthesia  with  ethyl-chloride,  but  to  induce  rapidly  an  uncon- 
scious or  semi-conscious  condition  during  which  the  more  formidable 
•drug  may  be  inhaled  without  inconvenience.    The  ethyl-chloride  in 
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sucli  cases  is  sprayed  straight  on  to  the  open  mask  or  on  to  the  spong& 
of  the  semi-open  inhaler  in  use.  Owing  to  its  free  dilution  with  air, 
the  dose  of  ethyl-chloride  need  not  be  so  strictly  limited  as  when  closed 
methods  are  employed.  This  preliminary  use  of  ethyl-chloride  on 
an  open  mask  is  very  convenient  for  safely  and  quickly  quelling  the- 
cries  of  a  frightened  infant  when  desired. 

CHLOROFORM 

Chloroform  (CHClg)  is  a  colourless  liquid,  less  volatile  than  ether, 
with  a  sweetish,  fiery  odour  and  taste.  It  is  not  inflammable,  but 
in  the  presence  of  naked  flame  its  vapour  decomposes,  forming  poison- 
ous compounds  (carbonyl-chloride).  For  this  reason  there  should  be 
free  ventilation  whenever  chloroform  is  used  in  a  small  room  con- 
taining a  fire  or  a  bare  lamp-flame  or  gas-jets.  It  should  be  stored 
in  a  cool,  dark  place,  and  its  purity  should  be  evidenced  by  neutral 
reaction  to  test  paper,  non-irritating  smell,  and  absence  of  residue 
on  spontaneous  evaporation  from  a  watch-glass.  Upon  nerve  tissue 
chloroform  has  a  deadening  action  about  seven  times  as  powerful  as 
that  of  ether.  It  produces,  when  in  the  circulation,  lowering  of  blood- 
pressure  and  weakened  heart-action  and  gradual  failure  of  the  vital 
centres.  The  stronger  the  vapour  of  chloroform  inhaled,  the  more 
certain  and  rapid  is  the  production  of  these  effects.  The  cardinal 
principle,  therefore,  in  the  administration  of  chloroform  is  to  supply 
a  vapour  freely  diluted  with  air ;  and  from  experiments,  both  clinical 
and  physiological,  it  is  concluded  that  about  2  per  cent,  of  chloro- 
form to  98  per  cent,  of  air  is  the  safe  strength.  For  induction  of 
ansesthesia  it  may  be,  and  often  is,  necessary  to  exceed  this  strength. 
For  the  maintenance  of  anaesthesia  when  once  induced  that  is  rarely 
the  case. 

The  importance  of  regulating  the  strength  of  vapour  of  a  drug  sO' 
potent  as  chloroform  has  led  to  the  invention  of  many  instruments- 
designed  to  achieve  this  aim.  It  is  certain,  however,  that  even  with 
such  instruments  constant  care  and  watchfulness  on  the  anaesthetist's, 
part  are  necessary  for  safety  when  chloroform  is  used.  Consequently, 
many  anaesthetists  still  prefer  simple  means  of  administration,  relying 
for  the  avoidance  of  accident  upon  close  observation  of  the  symptoms- 
evoked,  and  their  knowledge  of  the  danger  of  strong  vapours.  More- 
over, the  simple  methods  are  more  widely  applicable  and  infinitely 
more  convenient.  We  shall  therefore  describe  such  a  system  of  adminis- 
tration first,  as  being  one  on  the  whole  most  suited  to  a  competent 
anaesthetist.  The  inexperienced,  however,  will  undoubtedly  run  less 
risk  of  accident  if  he  employ  a  regulating  inhaler. 

The  most  simple  and  most  efficient  method  of  giving 
chloroform  is  by  means  of  a  drop-bottle  and  open  mask.  Those 
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used  in  the  case  of  C.E.  are  perfectly  applicable  here.  The  principle 
of  gradual  administration  is  to  be  strictly  adhered  to,  and  the  amount 
of  liquid  allowed  to  fall  upon  the  mask  is  to  be  very  much  less  than 
in  the  case  of  C.E.  Moreover,  only  one  layer  of  thin  flannel  is  to  be 
used  on  the  mask,  and  the  mask  should  ^^ever  rest  upon  the  jace.  Only 
by  observing  this  rule  can  the  certainty  of  not  supplying  an  overdose 
be  secured.  Should  the  mask  rest  upon  the  face,  then  by  compara- 
tively complete  exclusion  of  air  even  small  quantities  of  chloroform 
dropped  upon  the  mask  will  soon  raise  the  strength  of  the  vapour 
inhaled  to  a  dangerously  high  percentage.  On  the  other  hand,  if  the 
mask  does  not  touch  the  face,  even  if  its  covering  is  wet  throughout 
with  chloroform,  there  will  be  such  dilution  provided  by  the  air  between 
the  mask  and  the  face  that  danger  of  overdose  is  not  likely. 

In  employmg  this  method  of  admmistration,  then,  begin  with  the 
mask  held  a  couple  of  inches  off  the  patient's  face,  which  is  turned 
on  one  side.  Breathing  being  smoothly  and  regularly  in  progress, 
allow  ten  drops  to  fall  upon  the  centre  of  the  mask.  Let  this  gradu- 
ally approach  the  face  till  at  the  end  of  a  minute  it  is  at  a  distance 
of  half  an  inch.  During  the  second  minute  allow  twenty  drops  to 
fall  on  the  mask,  still  keeping  this  just  off  the  face.  From  the  end  of 
the  second  mmute  add  the  chloroform  more  freely,  till  at  the  end 
of  the  fourth  minute  the  lower  half  of  the  mask  is  kept  moist.  By  this 
time  the  patient,  who  may  have  been  talking  incoherently,  will  prob- 
ably be  quite  unconscious,  although  all  the  reflexes  will  remain  active. 
There  may  be  also  some  sitting-up  movements  and  some  rigid  exten- 
sion of  arms  and  legs.  Keep  the  lower  half  of  the  mask,  which  still 
does  not  touch  the  face,  uniformly  moist,  rub  the  lips  if  there  be  hold- 
ing of  the  breath,  and  by  the  end  of  the  sixth  to  eighth  minute  snoring 
breathing  will  denote  the  advent  of  anjesthesia.  The  muscles  of 
the  limbs  will  now  be  relaxed  ;  the  puj^il  wUl  be  of  small  medium  size, 
reacting  to  light  ;  the  conjunctiva  insensitive  ;  and  the  corneal  reflex 
present,  but  less  brisk  than  in  the  conscious  subject.  Antesthesia  is 
now  deep  enough  for  the  majority  of  operations.  For  abdominal 
cases,  however,  or  for  those  on  especially  sensitive  parts,  such  as  the 
ends  of  the  fingers  and  toes,  urethra,  etc.,  it  should  be  carried  still 
farther  before  the  initial  incision  is  allowed.  In  these  cases  the 
corneal  reflex  should  be  abolished,  the  pupil  being  kept  small. 

In  giving  chloroform  by  this  method,  it  is  most  important  to  bear 
in  mind — 

1.  That  chloroform  is  most  rapidly  absorbed  during  the  first  two 
minutes  of  inhalation  ;  therefore  the  quantity  offered  for  inhalation 
during  this  period  must  be  most  carefully  restricted. 

2.  That  during  the  period  of  spasm,  with  holding  of  the  breath, 
which  not  uncommonly  arises  iji  the  early  minutes,  no  attempt  nuist 
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be  made  to  press  tlie  chloroform.  If  this  period  is  prolonged,  use 
ether  untU  it  is  passed,  as  in  the  administration  of  C.E.  (p.  655). 
This  is  especially  to  be  recommended  in  the  case  of  robust  or  alco- 
holic subjects. 

3.  That  the  mask  should  not  be  permitted  to  touch  the  face,  and 
that  in  the  course  of  a  long  operation  the  amomit  of  chloroform 
used  should  be  reduced  till  only  a  very  small  portion  of  the  mask 
is  kept  moist. 

The  anaesthetist  must  aim  at  offering  a  uniformly  weak  vapour, 
not  at  giving  now  a  considerable  amount  of  chloroform  and  now  none 
at  all.  Consequently  he  should  be  careful  repeatedly  to  add  very 
small  amounts,  not  to  pour  on  a  drachm  or  two  and  then  wait  some 
minutes  before  re-moistening  the  mask. 

The  use  of  some  of  the  regulating  inhalers,  which  have  been 
invented  in  order  to  overcome  the  difficulty  of  ensuring  by  the  above 
simple  method  a  constant  and  highly  diluted  vapour,  must  now  be 
briefly  described.  These  inhalers  are  for  the  most  part  made  upon  one 
of  two  different  principles,  which  are  known  as  the  'plenum  and  the 
vacutm.  In  the  plenum  class  of  inhaler  a  mixture  of  chloroform 
vapour  and  air  ,of  definite  proportions  is  pumped  on  to  a  face-piece 
for  inhalation  by  the  patient  (Waller,  Alcock,  Roth-Drager,  Dubois, 
etc.)  ;  whilst  in  the  vacuum  type  the  patient's  respirations  draw  air 
over  or  through  chloroform  (Vernon-Harcourt,  Levy,  etc.).  Thus,  in 
the  former  class  the  manner  in  which  respiration  is  conducted  is  entirely 
independent  of  and  makes  no  difference  to  the  vapour  supplied,  this 
depending  simply  on  the  mechanical  means.  In  the  latter  class, 
however,  this  is  not  the  case,  the  patient  drawing  air  through  the 
apparatus — that  is,  over  the  chloroform — by  means  of  the  respiratory 
muscles.  This  process  lends  itself  to  the  construction  of  a  small  and 
compact  instrument.  It  has,  however,  the  disadvantage  that  it 
places  some  obstruction  in  the  way  of  free  respiration,  and  that  the 
percentage  of  chloroform  is  affected  by  the  vigour  or  feebleness  of 
the  respiration. 

Junker's  inhaler  (Fig.  188)  differs  from  other  plenum  apparatus  in 
that  there  is  no  record  on  the  instrument  of  the  chloroform  percentage 
offered  for  inhalation.  It  is  not  possible  to  know  with  this  instrument 
the  exact  strength  of  the  vapour  that  is  being  delivered ;  and  if  the 
compressions  of  the  ball-pump  do  not  exactly  coincide  with  inspiration, 
or  if  they  are  not  kept  at  moderate  strength,  it  is  possible  to  deliver 
a  vapour  of  undesirably  high  percentage.  Nevertheless,  its  use  in  un- 
skilled hands  is  probably  less  dangerous  than  that  of  the  drop-bottle. 
Por  cases  in  which  chloroform  has  to  be  delivered  through  a  tube  in  the 
mouth  or  a  catheter  in  the  nose,  as  in  long  tongue  and  laryngeal  cases, 
this  instrument  is  invaluable.    In  such  cases  anaesthesia  is  first  induced 
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in  the  ordinary  way — by  "  gas  "  and  ether  or  C.E.,  or  whatever  drug 
the  anaesthetist  has  decided  upon  as  best  in  the  particular  case.  A 
full  degree  of  anaesthesia  having  been  reached,  then,  before  the  opera- 
tion is  begun,  the  Junker  should  be  brought  into  use.  If,  for  instance, 
the  tongue  is  to  be  removed,  a  nasal  catheter  will  be  fitted  on  to  the 
exit  tube  and  passed  along  one  nostril  till  the  end  of  the  catheter 
overhangs  the  glottis,  as  ascertained  by  a  finger  passed  to  the 
back  of  the  mouth.  The  other  nostril  should  then  be  plugged  with 
a  strip  of  gauze.  With  each  inspiration  a  gentle  compression  of  the 
india-rubber  ball  is  made.  In  this  way  a  constant  chloroform  anaes- 
thesia will  easily  be  maintained,  and  the  anajsthetist  will  be  able  to 
keep  entirely  out  of  the  surgeon's  way.  If  by  reason  of  nasal  defi- 
ciency  a   catheter  cannot   be  conveniently  used,  the  metal  tube 


Fig.  188. — Junker's  chloroform  inhaler. 


is  to  be  placed  inside  the  mouth,  well  back  on  the  side  oj)posite  to 
that  of  the  tongue  lesion.  Both  nostrils  should  be  plugged  with  gauze. 
Neglect  of  this  plugging-up  of  respiratory  orifices,  other  than  that 
into  which  the  chloroform  is  being  pumped,  often  renders  it  difficult 
to  maintain  quiet  anaesthesia  in  the  case  of  bad  subjects. 

When  used  for  ordinary  cases,  as  opposed  to  those  concerning 
mouth,  nose,  and  throat,  the  exit  tube  of  the  Junker  inhaler  is  fastened 
to  a  metal  frame  over  which  stretches  a  single  layer  of  flannel.  This 
mask  is  closely  applied  to  the  face,  and  after  a  few  breaths  have 
been  drawn,  to  accustom  the  j^atient  to  the  mask,  a  very  gentle  com- 
pression of  the  india-rubber  ball  is  eft'ected  coincidently  with  each 
inspiration.  The  strength  of  the  conqoressions  should  gradually  be 
increased,  as  much  time  (six  to  eight  minutes)  being  occupied  in 
inducing  full  anaesthesia  as  when  the  drop  method  is  employed. 
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The  other  inhalers  of  the  plenum  type,  though  more  accurate 
instruments  than  the  Junker,  suffer  from  complexity  and  lack  of 
portability.  They  are  excellent  for  use  in  institutions  where  portability 
is  not  required,  and  one  or  another  shoidd  be  available  wherever 
students  are  taught  the  use  of  chloroform.  Alcock's  apparatus, 
as  being  the  most  convenient,  may  be  briefly  described.  It  consists 
(Fig.  18M)  of  a  circular  copper  vessel,  5  in.  in  diameter  and  4|  in.  deep. 


Fig.  189. — Alcock's  regulating  chloroform  inhaler. 


which  contains  150  c.c.  of  chloroform.  A  shelf,  closed  except  for 
two  oblong  holes,  is  fixed  1|  in.  from  the  bottom  of  this  chamber. 
Directly  above  and  touching  this  shelf  is  a  circular  plate,  movable 
by  means  of  a  hollow  rod  in  the  centre,  and  pierced  by  two  triangular 
apertures.  These  can  be  adjusted  by  the  central  rod  to  expose  more 
or  less  of  the  oblong  holes  in  the  shelf,  and  so  produce  larger  or 
smaller  openings  into  the  space  below.  Air  (supplied  from  a  small 
foot-bellows  or  from  an  electric  fan)  enters  the  chamber  by  one  tube 
opposite  one  aperture  and  leaves  by  another  tube  opposite  the  other, 
taking  up  more  or  less  chloroform  vapour  according  to  the  size  of  the 
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apertures.  A  thermometer  in  the  hollow  rod  indicates  the  tempera- 
ture of  the  chloroform  below,  and  a  water-jacket  surrounding  the 
chamber  keeps  the  temperature  between  certain  limits. 

The  best-known  inhaler  made  on  the  vacuum  principle  is  that  of 
Professor  Vernon-Harcourt  (Fig.  190),  the  features  of  which  may 

be  imderstood  from  the  figure.    In  using   

this  instrument,  important  points  to  ob- 
serve, in  order  that  the  vapour  inhaled  may 
correspond  with  the  strength  registered  on 
the  dial,  are  (1)  to  hold  the  face-piece  in 
perfect  adaptation  to  the  face,  allowing  no 
air-entry  round  one  edge,  and  (2)  not  to 
shake  the  instrument  to  any  considerable 
extent.  The  inhaler  admits  of  a  maximum 
percentage  of  2,  but  this  can  be  increased 
to  2 ■.5  or  3  by  means  of  a  small  tube  which 
is  provided  to  fit  on  to  the  open  neck  of 
the  bottle.  Even  so,  however,  there  are 
instances,  in  the  case  of  difficult  subjects, 
when  with  this  apparatus  induction  is  un- 
pleasantly tedious. 

POSITION  OF  PATIENT 

The  routine  position  for  the  patient 
during  ausesthesia  has  been  mentioned,  but 
there  are  certain  cases  in  which  it  cannot 
be  adopted  and  in  which  the  position  given 
to  the  patient's  head  or  trunk  is  a  matter 
of  prime  importance,  both  as  regards  safety 
and  the  surgeon's  convenience.     These  must  be  briefly  mentioned. 

First  come  all  those  cases  in  which  in  the  course  of  operations  blood 
enters  the  mouth,  pharynx,  or  posterior  nares,  and  may  be  in- 
haled. In  all  such  cases,  of  which  tonsil  and  adenoid  operations  provide 
the  most  familiar  examples,  the  patient  should  be  placed  completely 
on  his  right  side,  if  the  surgeon  can  operate  in  that  position.  If  he 
finds  it  necessary  to  have  the  head  in  the  middle  line,  then  only  a  light 
anaesthesia,  which  allows  of  coughing,  or  else  repeated  sponging  away 
of  blood,  is  to  be  resorted  to.  In  long  operations  upon  the  tongue  or 
upon  the  inside  of  the  nose  the  same  rule  applies,  but  here  it  is  often 
possible,  by  means  of  a  sponge  inserted  at  the  back  of  the  mouth,  to 
exclude  blood  from  the  glottis  and  to  permit  of  deep  ansesthesia, 
even  with  a  patient  on  his  back  and  his  head  straight,  or  in  a  semi- 
recumbent  position,  as  the  surgeon  chooses.  In  cases  of  empyema, 
where  there  is  only  one  freely  acting  lung,  it  is  essential  that  this 


Fig.  190.— Vernon- 
Harcourt's  chloro- 
form inhaler. 
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should  not  be  embarrassed.  Usually,  therefore,  the  patient  must  be 
placed,  so  far  as  the  operation  permits,  upon  the  affected  side.  By 
drawing  him  well  to  the  edge  of  the  table,  so  that  his  ribs  almost  over- 
hang it,  the  surgeon  can  generally  get  at  the  required  spot.  In  opera- 
tions for  intestinal  obstruction  one  shoulder  should  be  raised 
upon  a  sand-bag  and  the  head  turned  to  the  opposite  side  with  the 
mouth  slightly  opened.'  If  any  quiet  regurgitation  of  the  fluid  takes 
place,  as  is  not  uncommon  in  these  cases,  it  will  then  escape  ;  in  the 
dorsal  position  there  is  great  danger  of  inhalation  when  such  fluid 
suddenly  floods  the  mouth  and  nose.  The  Trendelenburg  position,  with 
pelvis  raised  and  head  and  shoulders  low,  is  often  adopted  for  pelvic 
operations,  and  by  some  for  tongue  cases.  It  is  a  very  safe  position 
from  the  anaesthetist's  point  of  view,  and  one  in  which  chloroform  is 
generally  much  to  be  preferred  to  ether. 

In  all  positions  the  anaesthetist  should  see  that  there  is  no  risk  of 
paralysis  of  any  muscle  or  limb  from  undue  pressure  against  the  hard 
edge  of  the  table  or  from  the  over-stretching  of  nerve  trunks. 

PEEPAEATION  OF  PATIENT  FOE,  AND  TEEATMENT 
OF  AFTEE,  ANAESTHESIA 

In  the  case  of  nitrous-oxide  no  preparation  is  necessary,  but  the 
last  meal  should  have  been  taken  at  least  two  hours  before  the  inhala- 
tion, and  the  bladder  should  be  emptied.  In  the  case  of  all  other 
anaesthetics  it  is  advisable  that  the  administration  take  place  at  least 
four  hours  after  the  last  taking  of  food.  A  purge  thirty-six  hours 
and  an  enema  two  or  three  hours  before  administration  is  the  usual 
practice.  Some  persons,  however,  are  much  upset,  even  to  faint- 
ing, by  enemata,  which  therefore  should  be  omitted  in  such  cases.  In 
the  case  of  infants  an  operation  should  be  performed  at  an  hour  that 
normally  would  be  feeding-time.  At  the  next  feeding-time  half  the 
ordinary  food  is  allowed.  In  an  operation  involving  a  considerable 
period  in  bed  afterwards,  it  is  well  that  two  or  three  days  be  spent 
in  bed  beforehand.  The  patient  gets  accustomed  to  nursing  routine, 
and  also  to  lying  quietly.  Before  many  abdominal  operations  careful 
choice  and  restriction  of  diet  are  of  advantage,  as  well  as  systematic 
cleansing  of  the  mouth  and  pharynx  with  mild  antiseptics.  After 
these  operations,  as  a  rule,  the  minimum  amount  of  food  should  be 
taken  by  the  mouth  during  the  first  twenty-four  hours.  Small  quan- 
tities of  tepid  water  are  allowed  after  four  hours,  and  a  cup  of  weak 
tea  after  eight  hours.  Enemata  of  one  pint  of  normal  saline  solution 
are  given  slowly  every  six  hours. 

After-sickness  may  sometimes  be  obviated  by  the  addition 
of  10  grains  of  aspirin  to  the  first  saline  enema,  aided  by  the  adop- 
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tion  of  tlie  sitting  position,  if  permissible.  Tlie  sixspicion  of  delayed 
chloroform  poisoning,"  as  suggested  by  repeated  sickness  in  a  child, 
should  be  treated  by  washing  out  the  stomach  and  leaving  in  it  2-4 
ounces  of  a  solution  of  sodium  bicarbonate  (10  gr.  to  the  ounce)  in  80 
per  cent,  glucose. 

The  unpleasant  taste  of  ether,  if  it  clings  about  the  mouth,  will 
often  be  neutralized  by  permittmg  the  patient  to  suck  lemon-peel. 

Careless  moving  of  the  patient  back  to  bed  after  operation  is  often 
responsible  for  the  initiation  of  vomiting.  It  should  be  done  with  as 
little  jolting  or  rolling  of  the  patient  as  possible,  and  with  careful 
support  of  the  head.  The  best  routine  position  in  which  to  lay  the 
patient  during  the  period  of  "  coming  round  "  is  on  the  right  side, 
with  the  head  and  shoulders  raised. 
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By  GWYNNE  WILLIAMS,  M.D.,  M.S.,  F.R.G.S. 

Local  analgesia  may  be  said  to  have  had  its  practical  beginning  with 
the  discovery  of  the  anaesthetic  properties  of  cocaine.  This  drug 
was  first  employed  in  ophthalmological  practice,  and  its  use  soon 
extended  into  the  domains  of  rhinology  and  laryngology.  In  all  these 
it  is  still  predominant  as  compared  with  other  departments  of  surgery. 
In  the  regions  of  the  eye,  nose,  and  lar}Tix  anajsthesia  was  induced 
by  the  local  application  of  the  drug  to  the  surface.  The  next  step  was 
the  injection  into  the  tissues  of  solutions  in  strengths  varying  from 
2  to  20  per  cent.  ;  but  as  this  method,  although  successful  in  pro- 
ducing angesthesia,  led  to  marked  and  sometimes  fatal  toxic  effects, 
attempts  were  made  in  various  directions  to  obviate  this  drawback. 

First,  Schleich  used  a  solution  so  dilute  as  0'2  per  cent,  cocaine 
in  a  hypotonic  salt  solution,  believing  that  the  hypotonicity  aided 
the  anaesthesia  ;  but  H.  Braun  has  shown  that  the  required  effect 
can  be  produced  just  as  easily  with  0'2  per  cent,  cocaine  in  an  isotonic 
salt  solution,  which,  of  course,  has  the  advantage  that  it  does  not 
damage  the  tissues.  Secondly,  Corning  showed  that  the  injection  of 
cocaine  into  a  nerve  trunk  caused  anaesthesia  in  the  area  of  distri- 
bution of  the  nerve  ;  so  that  by  infiltration  about  the  nerves  going 
to  any  region  the  latter  could  be  antesthetized  by  smaller,  relatively 
non-toxic  doses  of  the  drug,  without  soaking  the  field  of  opera- 
tion, and  in  this  way  rendering  the  tissues  unrecognizable  owing  to 
oedema.  Thirdly,  it  was  discovered  that  the  anaesthetic  effect  of 
cocaine  could  be  exalted  and  prolonged  by  cutting  off  the  blood  return 
from  the  part  to  be  operated  upon,  e.g.  by  means  of  an  Esmarch's 
bandage  ;  this  also  had  the  advantage  of  decreasing  the  general  poison- 
ing influence  of  the  drug.  Of  course  this  method  was  only  practicable 
in  the  limbs,  and  it  was  not  until  the  discovery  of  the  vaso-constrictor 
effect  of  extract  of  the  suprarenal  gland  that  local  analgesia  could  be 
used  satisfactorily  for  major  operations  requiring  protracted  anaesthesia. 
This  drug,  by  producing  an  anaemia  of  the  part,  slows  the  absorption 
of  the  anaesthetic  into  the  general  circulation,  and  by  keeping  it  at  the 
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site  of  infection  prolongs  the  duration  of  the  anaesthesia.  Lastly, 
various  derivatives  of  cocaine  and  other  drugs  have  been  prepared, 
of  which  the  best  Icnown  are  tropacocaine,  /3-eucaine,  and  novocaine  ; 
they  are  undoubtedly  less  toxic  than  cocaine,  but  are  not  equal  to 
it  in  their  local  angesthetic  properties.  For  purposes  of  injection  they 
have  practically  displaced  cocaine. 

Local  anaesthesia  can  be  produced  in  the  following  ways  : — 

L  By  application  of  the  drug  to  the  surface  to  be  anaesthetized, 
e.g.  the  nasal  mucous  membrane. 

2.  By  infiltration  of  the  area  of  operation. 

3.  By  injection  into  or  around  the  nerves  going  to  the  part  to  be 

operated  upon  (endoneural  or  perineural  method,  sometimes 
called  regional). 

4.  Lijection  into  the  vessels  of  the  part,  more  especially  into  the 

veins  (Bier). 

1.  Superficial  application. — For  the  production  of  anres- 
thesia  of  the  mucous  membranes  by  the  simple  local  application  of  the 
drug,  cocaine  has  remained  by  far  the  most  efficient  agent,  none  of  the 
other  preparations  having  to  any  extent  the  same  efiect.  For  the  nose 
and  the  air-passages  a  solution  of  from  .5  to  20  per  cent,  is  used,  applied 
by  means  of  a  spray,  or  by  swabs  of  cotton-wool.  It  is  important 
in  this  case  not  to  anfesthetize  too  large  an  area  at  one  time,  lest  an 
idiosyncrasy  exist  on  the  part  of  the  patient  towards  the  drug.  The 
urethra  and  bladder  can  also  be  anaesthetized  by  the  introduction  of 
the  solution,  but  here  the  danger  of  cocaine-poisoning  seems  to  be 
greater,  so  that  only  very  dilute  solutions,  e.g.  1  to  2  per  cent.,  should 
be  used,  or  novocaine  substituted.  In  the  anaesthetization  of  mucous 
membranes  for  operative  procedures,  apart  from  mere  examination,  it 
is  well  to  add  adrenalin  solution  for  the  double  purpose  of  prolongation 
of  the  cocaine  action  and  of  lessening  the  risk  of  toxic  effect,  wiiile 
in  addition  its  hfemostatic  effect  is  of  great  value. 

The  surfaces  of  granulating  wounds  can  also  be  rendered  insen- 
sitive by  the  application  of  .5  to  10  per  cent,  cocaine,  or  5  per  cent, 
carbolic  acid  ;  while  for  non-operative  purposes  the  dusting  of  the 
wound  witli  oi'thoforiu  is  very  satisfactory. 

2.  Infiltration  method. — This  consists  essentially  in  soak- 
ing the  area  to  be  operated  upon  with  anaesthetizing  solution.  For 
small  areas  it  is  usually  very  satisfactory,  but  in  larger  areas  an 
attempt  is  made  to  combine  it  with  regional  anaesthesia  by  directing 
an  injection  into  the  proximity  of  the  nerves  going  to  the  part. 

AVith  regard  to  the  solution  to  be  used,  Braun  recommends  a  series 
containing  varying  strengths  of  novocaine  and  adrenalin — novocaine 
0-25-2  per  cent.,  adrenalin  (1  in  1,0CX1)  .5-200  drops  in  100  c.c.  of  water. 
He  uses  the  stronger  solution  when  he  wishes  to  infiltrate  around  the 
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larger  nerve-trunks,  tlie  weaker  when  large  areas  liave  to  be  injected 
with  the  solution.  For  ordinary  work  one  solution  is  usually  suffi- 
cient, and  the  method  described  by  Barker  is  very  satisfactory.  To 
100  c.c.  of  distilled  water  in  an  active  state  of  ebullition  in  a  flask 
(of  Jena  glass,  so  as  to  avoid  the  destruction  of  the  drug  by  the 
alkali)  a  powder  is  added  consisting  of  ^-eucaine  0^2  grm.,  sodium 
chloride  0'8  grm.  As  soon  as  the  powder  has  dissolved,  the  solution  is 
allowed  to  cool ;  then  10  drops  of  adrenalin  solution  (1  in  1,000 — Parke- 
Davis)  are  added,  and  the  mixture  is  ready  for  use.  It  is  very  impor- 
tant that,  to  prevent  destruction  of  the  eucaine,  the  liquid  should  not 
come  into  contact  with  alkali,  and  also  that,  to  avoid  its  oxidation, 
as  indicated  by  a  reddish  discoloration  of  the  fluid,  the  adrenalin  should 
be  added  immediately  before  use.  Such  an  amount,  i.e.  100  c.c, 
usually  suffices  for  most  operations,  but,  if  necessary,  more  may  be 
given  without  any  fear  of  toxic  effects  ;  the  solution  is  isotonic,  and 
therefore  will  not  damage  the  tissues  by  osmotic  changes. 

Preparation  of  the  patient. — As  a  rule,  the  patient  need 
not  be  starved  ;  but  if  there  is  any  reason  to  suppose  that  the  local 
anaesthesia  will  be  insufficient  and  a  general  anaesthetic  required, 
preparation  for  the  latter  should  be  made.  In  nervous  patients  it  is 
advisable  to  give  an  injection  of  morphia  about  fifteen  minutes  before 
the  operation. 

The  patient  should  always  be  in  the  recumbent  position,  since 
the  psychical  effect  of  the  operation  occasionally  brings  about  a  faint- 
ing attack,  which  at  the  same  time  alarms  the  patient  and  interferes 
with  the  operative  procediu'e. 

Teclinique  of  tine  injection. — For  small  areas  an  ordinary 
hypodermic  sp'inge  will  serve  excellently,  but  for  larger  areas  a 
bigger  syringe  must  be  used.  That  designed  by  Barker  (Fig.  191)  is 
a  very  good  one,  and  can  be  used  either  with  a  hypodermic  needle  or 
with  the  long,  blunt  nickel  needles  for  the  deep  infiltration  of  the 
tissues. 

The  line  of  the  proposed  incision  should  first  be  injected  with  the 
hvpodermic  needle  in  such  a  manner  as  to  raise  a  wheal  in  the  skin. 
Only  the  first  prick  is  felt,  the  subsequent  punctures  being  painless  if 
they  are  made  into  the  wheal  already  raised. 

The  infiltration  of  tlie  deeper  tissues  is  done  with  the  long  blunt 
needle,  its  passage  through  the  skin  being  facilitated  by  a  small 
preliminary  puncture  AA'ith  a  cutting  needle.  In  performing  this  deep 
infiltration,  an  attempt  is  made  to  reach  the  tissues  surrounding  the 
operation  area,  with  especial  reference  to  the  nerves  going  to  the  part, 
so  that  in  most  of  the  larger  operations  a  combination  of  infiltration 
and  regional  ansesthesia  is  used. 

In  using  drugs  combined  Avith  adrenalin,  it  is  important  to  remember 
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that  the  ansesthesia  is  not  complete  until  at  least  twenty  minutes 
after  the  injection,  and  that  a  longer  interval,  up  to  about  forty-five 
minutes,  gives  better  results.  The  anaesthesia  lasts  from  one  to  two 
hours. 

3.  Regional  or  conduction  anaesthesia.  —  This  method 
of  producing  anfesthesia  consists  essentially  in  blocking  the  jath  of 
sensory  impulses  from  a  given  region  by  injections  into  or  around  the 
nerves  which  supply  it  with  sensation. 


Fig.  191. — Barker's  syringe. 

A,  The  syrinee  with  fibre  washer  to  piston  ;  11,  curved  tube  for  Schimmel  needles  'g) 
c,  straight  tube  for  long  needle  (u)  ;  D,  blunt-pointed  needles  made  of  pure  Tuckel 
E,  key'for  tightening  nuts  on  n  and  c;   f,  rubber  for  washers  in  cap  of  c 
t,,  Schimmel  needles  ;  H,  spare  washers. 


In  a  larger  number  of  operations  tliis  perinem'al  method  is  com- 
bined with  infiltration,  in  that  in  the  latter  attempts  are  made  to 
inject  the  drug  into  the  neighbourhood  of  the  nerves  going  to  the 
part ;  but  the  use  of  pure  perineural  and  endoneural  injections  has 
produced  excellent  results.  The  so-called  spinal  analgesia,  considered 
in  the  next  article,  is  of  course  only  an  extension  of  this  method. 

In  making  an  endoneural  injection,  it  is  necessary  first  to  expose 
the  nerve  under  infiltration  anfesthesia,  and  then  with  a  fine  hypo- 
dermic needle  to  inject  the  solution  into  its  substance,  care  being 
taken  not  to  stretch  the  nerve  trunk  tightly,  and  so  cause  consider- 
able pain.  Crile,  in  1889,  amputated  a  leg  after  injections  of  cocaine 
into  the  sciatic  and  anterior  crural  nerves,  and  similar  operations  have 
been  done  in  the  upper  limb  after  injections  into  the  brachial  plexus. 
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The  perineural  method  is  best  illustrated  by  the  anaesthesia  pro- 
duced in  the  hand  by  injections  of  the  solution  in  a  ring  around  the 
wrist,  especial  care  being  taken  to  infiltrate  the  tissues  around  the 
median  and  ulnar  nerves.  There  is  some  advantage  in  using  stronger 
solutions  of  y8-eucaine  or  novocaine  when  attempting  perineural  injec- 
tions ;  they  may  be  double  the  strength  used  in  infiltration  anaesthesia 
without  any  risk  of  poisoning,  seeing  that  less  will  be  needed  than  when 
a  large  area  of  operation  is  soaked  with  the  drug. 

While  the  possibility  of  the  production  of  a  pure  regional  anaes- 
thesia has  been  clearly  demonstrated,  its  use  has  remained  very 
limited.  In  the  lower  limbs  it  has  been  replaced  by  spinal  analgesia, 
which  is  much  simpler  and,  if  carefully  carried  out,  equally  safe.  The 
need  of  local  anaesthesia  for  certain  cases  in  the  upper  limb  still  remains, 
and  the  perineural  and  endoneural  injections  are  a  valuable  means 
of  producing  it. 

4.  Yenous  anaesthesia. — This  procedure  was  introduced  by 
Bier,  and  is  employable  only  on  the  extremities.  The  extremity  is 
first  rendered  bloodless  by  the  application  of  an  elastic  bandage  from 
below  upwards  ;  this  is  then  imwound  except  for  the  upper  two  or 
three  turns,  which  should  lie  a  little  above  the  field  of  operation.  The 
part  below  the  latter  is  then  enveloped  with  another  elastic  bandage, 
so  that  there  is  a  bloodless  area  between  the  two  bandages.  In  this 
area  a  vein  is  selected  closer  to  the  proximal  than  to  the  distal 
bandage  and  is  exposed  under  infiltration  anaesthesia.  A  cannula  is 
introduced,  directed  peripherally,  into  the  vein,  and  20  c.c.  to  60  c.c. 
of  a  1  per  cent,  solution  of  novocaine  in  isotonic  salt  solution  is 
injected.  As  a  rule,  the  fluid  flows  in  with  ease  ;  but  occasionally, 
probably  from  the  presence  of  valves,  it  refuses  to  enter.  After  a  suc- 
cessful injection,  antesthesia  supervenes  in  the  area  between  the  two 
bandages  ("  direct  anaesthesia  ")  in  about  five  minutes,  and  in  the 
distal  portion  of  the  limb  ("  indirect  anaesthesia  ")  very  soon  after- 
M^ards.  Bier  advised  that  at  the  completion  of  the  operation  saline 
solution  should  be  introduced  into  the  vein  so  as  to  remove  the  drug 
from  the  part  and  thus  prevent  its  sudden  entry  into  the  general 
circulation. 

On  removal  of  the  bandage,  the  anaesthesia  disappears  almost 
immediately  ;  therefore  it  is  advisable  to  loosen  the  bandage  momen- 
tarily to  pick  up  the  larger  vessels,  and  then  to  reapply  it  quickly 
before  sensation  returns,  so  that  there  may  be  no  pain  during  the 
suturing  of  the  wound. 

The  operation  can,  as  a  rule,  be  conducted  in  the  area  of  direct 
or  indirect  anaesthesia,  and  amputations  through  the  thigh,  excisions 
of  the  elbow-joint,  and  similar  procedures  have  been  successfully  per- 
formed under  ana?sthesia  procured  by  this  means. 
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While  generally  applicable,  tliis  method  of  inducing  analgesia  has 
several  disadvantages.  Firstly,  it  may  fail  owing  to  the  presence  of 
valves  hindering  the  entrance  of  the  solution.  Secondly,  the  tightly 
ajjplied  upper  bandage  is  sometimes  very  painful  ;  this  objection, 
according  to  Momburg,  may  be  overcome  by  placing  another  bandage 
directly  below  the  proximal  one  as  soon  as  the  anaesthesia  is  complete, 
and  then  removing  the  first  bandage.  Thirdly,  the  rapid  disappear- 
ance of  the  anaesthesia  does  not  allow  a  completely  painless  finish  to 
the  operation  if  the  wound  is  to  be  sewn  up,  since  the  reactive 
hypereemia  following  the  anremia  which  has  been  produced  gives 
rise  to  marked  hciemorrhage.  The  method  has  not  been  in  use  suffi- 
ciently long  to  permit  a  definite  opinion  as  to  its  ultimate  usefulness. 
Local  injection  of  drugs  into  arteries  supplying  the  extremities  has 
been  tried  experimentally  on  dogs,  but  has  not  been  used  on  the 
human  subject. 

It  is  impossible  here  to  give  a  complete  description  of  the  tech- 
nique for  the  local  ana^sthetization  of  all  the  areas  of  the  body  by 
the  various  methods  described,  but  it  may  be  said  that  the  method 
of  local  infiltration  combined  with  an  attempt  to  inject  around  the 
nerves  going  to  the  part  is  the  most  generally  applicable.  Only  a 
few  of  the  more  important  pcints  in  the  anaesthetizing  of  the  various 
regions  need  be  considered. 

While  certain  parts  of  the  body  are  more  or  less  insensitive  to  pain- 
ful stimuli,  others  are  especially  sensitive,  e.g.  the  parietal  peritoneum 
and  the  periosteum.  It  must  be  clearly  understood  that  violent  pull- 
ing or  dragging  always  causes  pain,  no  matter  how  well  the  area  of 
the  operation  has  been  infiltrated,  probably  owing  to  the  fact  that 
the  dragging  is  commmiicated  to  the  non-anaesthetized  tissues  ;  there- 
fore tlie  operation  must  not  lie  rout^lily  performed. 

Application  in  special  cases. — While  the  visceral  portion 
of  the  feritoneuiii  is  insensitive  to  the  ordinary  painful  stimuli,  such 
as  pinching,  cutting,  etc.,  considerable  pain  and  shock  are  caused 
by  dragging,  probal)ly  due  to  communication  of  the  pull  to  the  very 
sensitive  parietal  layer.  In  view  of  this  fact,  and  of  the  difficulty 
of  infiltrating  the  subperitoneal  tissue  from  a  pmicture  in  tlie  skin, 
it  is  almost  always  necessary  to  inject  the  solution  into  it  after  the 
incLsion  has  been  carried  through  the  muscles.  Thus,  in  operating 
on  an  inguinal  hernia,  though  it  is  sometimes  possible  to  pass  the  long, 
blunt  needle  through  the  external  ring  up  the  canal  and  to  infiltrate 
around  the  nec]<:  of  the  sac,  in  a  large  number  of  cases  it  is  necessary 
to  inject  the  solution  here  after  the  canal  has  been  opened  up,  before 
pulling  down  the  neck  of  the  sac  previously  to  tying  it  off. 

In  incisions  in  tlie  middle  line  of  the  abdomen  the  solution  can 
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be  injected  into  the  rectus  sheatli  behind  the  muscle,  after  this  has 
been  exposed  ;  while  the  peritoneum  over  the  iliac  fossa  can  be  safely 
infiltrated  from  skin  punctures  about  the  anterior  superior  ihac  spine, 
thus  permitting  the  painless  performance  of  appendicectomy.  The 
disadvantage  of  local  anaesthesia  for  operations  involving  the  peri- 
toneal cavity  is  that  the  pain  due  to  pulling  on  the  viscera  cannot  be 
eliminated,  but,  even  if  a  short  period  of  general  ansesthesia  is  neces- 
sary for  such  manipulations,  the  advantages  of  the  local  anaesthesia 
for  the  greater  part  of  the  operation  may  be  very  great  in  an  old  and 
feeble  patient. 

In  the  neck,  apart  from  tracheotomy,  which  is  easily  performed 
under  local  infiltration,  this  method  has  been  most  used  in  enlarge- 
ments of  the  thyroid  gland,  on  account  of  the  risks  of  general  anaes- 
thesia in  these  cases.  The  line  of  the  incision  should  first  be  infil- 
trated, and  then  a  deep  infiltration  made  around  the  thyroid  with 
the  long,  blunt  needle,  especial  attention  being  paid  to  injections  behind 
the  sterno-mastoid  into  the  region  of  the  cervical  plexus.  The  thyroid 
itself  is  insensitive,  but  any  pulling  on  the  surrounding  structures  is 
associated  with  a  pain  which  the  patient  describes  as  "  pressing," 
and  a  secondary  injection  into  the  deeper  parts  of  the  wound  is  some- 
times necessary. 

In  the  thorax,  empyemas  may  be  successfully  dealt  with,  but  here 
again  it  is  usually  necessary  to  infiltrate  the  periosteum  on  the  deep 
and  superficial  aspects  of  the  rib  before  resecting  it. 

Operations  on  the  skull  may  be  easily  performed  by  making  a  ring 
injection  around  the  area  to  be  attacked  ;  while  if  the  infiltration 
is  made  into  the  pericranium  it  is  possible  to  trephine  the  slcull.  It 
has  been  found  that  the  dura  mater — over  the  vault  at  any  rate — 
is  insensitive  to  ordinary  operative  manipulations. 

As  far  as  joints  are  concerned,  the  cartilage-covered  surfaces  are 
normally  insensitive  to  painful  stimuli,  but  the  ligaments  and  synovial 
membrane  are  not  so.  They  can  be  rendered  analgesic  by  injection 
of  the  solution  into  the  joint  cavity,  so  that  by  this  measure,  coupled 
with  infiltration  of  the  surrounding  soft  parts,  it  has  been  possible  to 
reduce  dislocations  and  perform  disarticulations. 

In  operating  on  bones,  one  must  remember  that  the  sensitive  por- 
tion is  the  periosteum,  and  that  if  this  be  anaesthetized  an  operation 
on  the  cancellous  portion  can  be  painlessly  carried  out.  The  infiltration 
of  the  periosteum  is  best  performed  after  the  bone  has  been  exposed. 

Skin  grafting  is  an  operation  especially  suitable  for  local  analgesia, 
since  there  is  no  need  to  anaesthetize  the  insensitive  granulating  sur- 
face. All  that  is  necessary  is  to  infiltrate  the  skin  from  which  the 
graft  is  taken  ;  if  adrenalin  be  used  with  the  solution  there  is  no 
cedema  to  interfere  with  the  smooth  cutting  of  the  razor. 
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Circumcision  is  another  operation  which  is  conveniently  performed 
under  local  antesthesia.  The  injection  is  best  made  in  a  ring  round 
the  penis  just  behind  the  level  of  the  corona,  so  tliat  the  junction  of 
the  inner  layer  of  the  prepuce  with  the  gians  is  rendered  insensitive, 
tliis  being  the  most  difficult  place  to  angesthetize.  The  method  of 
infiltrating  a  ring  of  tissue  at  the  base  of  the  penis,  with  especial 
attention  to  a  perineural  injection  of  the  dorsal  nerve,  is  not  nearly 
so  certain  or  so  satisfactory. 

Advantages  of  local  analgesia. — 1.  It  obviates  the  use 
of  a  general  an;esthetic,  with  the  attendant  dangers,  whether  of 
immediate  death  during  operation,  or  of  the  remoter  and  less  dramatic 
fatal  accidents,  such  as  pneumonia  or  postchloroform  toxaemia.  It 
must  be  remembered  that  although  these  fatalities  are  more  common 
in  greatly  enfeebled  patients,  they  are  only  too  familiar  in  quite  trivial 
operations. 

2.  Local  analgesia  renders  unnecessary  the  j^resence  of  an  anies- 
thetist,  and  is  therefore  invaluable  to  surgeons  working  without 
efficient  assistance. 

Disadvantages. — 1.  Owing  to  the  fact  that  it  is  sometimes  im- 
possible beforehand  to  gauge  the  exact  extent  of  the  operation,  the 
surgeon  may,  in  his  desire  to  spare  the  patient  pain,  be  driven  either  to 
do  his  work  less  thoroughly  than  he  should  do,  or  to  interrupt  it  for 
the  purpose  of  making  a  fresh  injection. 

2.  This  method  is  unsatisfactory  when  the  part  to  be  infiltrated 
is  inflamed. 

3.  There  is  slightly  more  pain  after  infiltration  analgesia  than 
after  a  general  anajsthetic,  but  this  is  so  slight  an  objection  that  it 
is  doubtfid  whether  it  should  be  considered  at  all,  and  certainly  Jiot 
if  there  is  any  reason  for  not  employing  the  latter. 
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By  LAWRIE  McGAVIN,  F.R.C.S.Eng. 

Historical.- — The  idea  of  inducing  analgesia  by  the  local  applica- 
tion of  drugs  to  the  spinal  cord  originated  with  Leonard  Corning 
of  New  York,  who  in  1885  used  a  2  per  cent,  solution  of  cocaine,  first 
on  a  dog,  and  secondly  on  the  human  subject.  His  injection  was, 
however,  directed  intentionally  into  the  extradural  space,  and  not 
into  the  spinal  theca.  The  result  was  a  somewhat  irregular  and 
imperfect  analgesia.  Fourteen  years  later.  Bier,  elaborating  the 
method  of  Corning,  succeeded  in  carrying  out  six  major  operations 
under  the  influence  of  a  0'5  per  cent,  solution  of  cocaine  injected 
directly  into  the  spinal  theca  ;  the  average  amount  of  the  drug  used 
by  Bier  was  O'OOS  grm.  By  this  means  he  succeeded  in  obtaining 
analgesia  rising  to  the  umbilicus  in  from  five  to  ten  minutes,  and  last- 
ing from  twenty-five  to  forty  minutes.  The  chief  after-effects  noted 
by  Bier  and  Hildebrandt,  who  submitted  themselves  to  experimental 
injection,  were  headache  and  nausea  of  some  duration. 

From  this  time  the  method  was  investigated  on  the  Continent  by 
many  workers,  with  varying  results.  Among  these  were  Tuffier, 
Seldowitsch,  and  Reclus,  the  la?t  of  whom  in  1901  issued  a  warn- 
ing against  the  use  of  cocaine  as  a  spinal  analgesic.  In  this  country 
the  method  was  not  employed  till  1902,  when  eighteen  cases  were 
reported  by  Arnold  Lee,  who  employed  the  method  of  Tuffier,  using 
cocaine  in  0'5  per  cent,  solution.  In  this  year  also  Littlewood  pub- 
lished eleven  successful  cases. 

About  this  time,  owing  to  the  dangers  of  cocaine,  tropacocaine  was 
adopted  by  most  workers  abroad.  Reclus  had  recommended  this 
drug  in  1901,  and  Schwarz  had  successfully  employed  it  in  sixteen 
cases  in  doses  of  from  0'015  to  0"05  grm.  for  operations  lasting  two 
hours,  and  had  found  no  ill  effects  from  its  use.  Guinard  in  1903  and 
Rydygier  and  Stoltz  in  1904  had  also  recommended  it. 

In  1904,  Fourneau  introduced  stovaine,  which  was  soon  adopted  by 
Chaput,  Sonnenburg,  and  Bier. 

In  190-5,  Impens  and  Stotzer  employed  alypin,  the  latter  using  doses 
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of  1  c.c.  of  a  1  per  cent,  solution  ;  he  placed  the  largest  safe  dose  at 
5  c.c.  of  a  3  per  cent,  solution — i.e.  0'15  grm. 

In  1906,  Chiene  of  Edinburgh  introduced  stovaine  into  this 
country  and  used  it  in  combination  with  hemisine,  the  solution  being 
that  of  Tuffier — viz.  a  10  per  cent,  solution  in  sodium  chloride. 


Anterior  spinal  plexus. 

Fig.  192. — The  spinal  veins. 

I,  Posterior  transverse  Ijranch  ;  2,  vein  from  cord  ;  3,  transverse  branch  ;  4,  anterior  transNerse  vein  ; 
5,  lumbar  veiii  ;  6,  posterior  spinal  plexus  ;  7,  branch  perforating  li.^amentnm  flavuni  ;  S,  posterior 
longitudinal  spinal  \'ein  ;  9,  lateral  transverse  branch  ;  10,  anterior  longitudinal  spinal  vein,  seen 
in  section  ;  11,  veins  from  body  of  vertebra,  a,  Mammillary  process  ;  n,  accessory  process,  or  tip 
of  the  true  transverse  process  ;  c,  costal  element. 

{From  Mo}'riss     lluiiian  Anatomy.  ')  • 

In  1907  the  experiments  of  Barker,  wlio.se  original  paper  should 
be  studied,^  were  responsible  for  the  progress  wliich  has  been  recorded 
by  British  surgeons.  This  surgeon  substituted  glucose  for  the  sodium 
cliloridc  of  Bier  and  Chaput,  with  the  object  of  obtaining  a  solution 
slightly  heavier  than  the  cerebro-spinal  fluid,  and  one  which  would  be 
less  ha;molytic  and  more  nearly  isotonic  with  that  fluid.  He  published 
1  Bill.  Med.  Jonrn.,  VMl. 
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details  of  100  cases  in  tliis  year  and  of  200  in  1908.  Amoijg  other 
surgeons  in  this  country  who  have  adopted  the  method  of  spinal 
analgesia  may  be  mentioned  Leedhani-Green  of  Birmingham,  who 
uses  chiefly  tropacocaine,  and  Dean,  who,  like  the  author,  adopted 
Barker's  method.  This  latter  has  been  extensively  used  in  the  Seamen's 
Hospital,  Greenwich,  and  in  the  hospital  of  the  Eoval  Army  Medical 
College,  Millbank. 

Anatomical  points. — 1.  The  spinal  theca  extends  from  the 
foramen  magnum  to  the  second  sacral  vertebra. 

2.  The  lowest  point  of  the  spinal  cord  within  the  theca  is  oppo- 
site the  intervertebral  disc  between  the  first  and  second  lumbar 
vertebrae. 

3.  The  depth  of  the  theca  depends  on  the  physical  development  of 
the  patient.    In  the  adult  its  average  depth  is  2J  to  2|  inches. 

4.  The  only  vessels  of  any  importance  in  spinal  analgesia  are  con- 
tained in  the  epidural  space.  They  are  the  two  longitudinal  venous 
trunks,  united  by  transverse  branches  opposite  the  bodies  of  the 
vertebrse,  with  which  they  lie  in  contact,  each  being  about  4  mm. 
from  the  middle  line  (Fig.  192). 

5.  The  line  joining  the  highest  points  of  the  crests  of  the  iiia  passes 
between  the  third  and  fourth  lumbar  vertebrae. 

6.  The  immediate  posterior  relations  of  the  theca  in  the  middle  line 
are,  from  behind  forwards,  the  skin,  the  subcutaneous  fat,  the  supra- 
spinous ligament,  the  interspinous  ligament,  the  interspace  between 
the  ligamenta  subflava,  and  the  areolar  tissue  of  the  epidural  space 
with  the  veins  on  either  side. 

Characters  of  the  cerebro-spinal  fluid.    (See  p.  616.) 
Indications  for  the  employment  of  spinal  analgesia. 
— This  method  may  be  used  with  advantage — 

1.  Where  the  operation  is  complicated  by  the  presence  of 

(a)  Respiratory  disease,  especially  bronchial  and  tracheal 

obstruction. 

(b)  Cardiac  disease,  especially  double  mitral  and  aortic  lesions. 

(c)  Acute  or  chronic  inflammation  of  the  kidneys. 

(d)  Aortic  aneurysm. 

(e)  Thyroid  enlargement. 
(/)  Marked  atheroijia. 

(f/)  Suspected  status  lymphaticus  (possibly). 

2.  Where  operative  procedure  is  hampered  by  engorge- 
ment of  the  parts  and  consequent  persistent  oozing  of 
blood,  e.g. — 

(a)  Rectal  operations,  with  possibly  the  exception  of  haemor- 
rhoids, in  which  some  engorgement  is  rather  an  ad- 
vantage. 


GONTRA-INDICATIONS  AND  ADVANTAGES  691 


(6)  Prostatectomy,  especially  suprapubic, 
(c)  Intravesical  operations  generally. 

3.  In  operations  where  extreme  relaxation  of  muscles 
and  the  absence  of  straining  and  post-operative  vomiting 
are  especially  desired. 

(«)  Appendicectomy. 
{b)  Colostomy. 

(c)  Enterectomy. 

(d)  All  pelvic  operations. 

{e)  All  hernia\  especially  those  in  which  filigrees  are  used. 

4.  Where  the  operation  involves  great  shock,  e.g. — 

(a)  Double  amputations. 

(b)  Amputation  at  the  hip-joint. 

(c)  Acute  intestinal  obstruction. 

5.  Where  the  patient  suffers  great  nervous  apprehension 
of  anaesthesia. 

6.  Where  subjection  of  pain  in  great  emergencies  is 
desired,  as  in  time  of  war,  when  many  patients  may  have  to 
wait  their  turn  for  operation,  or  when  the  wounded  have  to  be 
transported  to  a  distance  in  springiess  waggons. 

Centra-indications. — Much  difference  of  opinion  exists  in  this 
branch  of  the  subject.  Many  Continental  writers  mention  old  age, 
extreme  youth,  atheroma,  sepsis,  syphilis,  gangrene,  and  nervous 
diseases  as  unsuitable  conditions  ;  possibly  extreme  youth  and  acute 
sepsis  may  be  admitted.  Syphilis  is  no  greater  an  objection  to  spinal 
analgesia  than  to  other  surgical  procedures.  As  regards  gangrene, 
the  use  of  spinal  analgesics,  unless  combined  with  some  preparation 
of  suprarenal  gland,  does  not  appear  to  initiate  it  nor  promote  its 
spread  when  present. 

Advantages  of  spinal  analgesia. — 1.  Pre-operative 
starvation  is  neither  necessary  nor  wise.  The  patient  may  with 
advantage  be  fed  before,  after,  and,  if  necessary,  during  operation  ; 
the  great  gain  to  elderly  and  feeble  subjects  is  obvious. 

2.  Nervous  apprehension.- — In  some  patients,  especially  nervous 
women,  the  dread  of  general  aniTcsthesia  amounts  to  positive  terror. 
When  the  fact  is  realized  by  the  patient  that  no  pain  will  be  felt 
although  consciousness  is  retained,  the  phenomena  of  shock,  which  are 
partly  due  to  fear,  are  abolished. 

3.  The  saving  of  time. — The  period  required  for  the  estab- 
lishment of  analgesia  varies  from  four  to  ten  minutes,  and,  as  cleansing 
operations  can  be  commenced  at  once,  the  delay  attendant  upon  general 
anaesthesia  is  entirely  avoided.  Perineal  operations  can  always  be 
commenced  in  from  four  to  five  minutes. 
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4.  Venous  engorgement,  straining,  and  vomiting  are 
absent. — As  there  is  no  respiratory  spasm  there  is  no  backward 
pressure  on  the  venous  system,  consequently  such  operations  as 
excision  of  the  rectum  and  prostatectomy  can  be  conducted  with 
little  loss  of  blood.  Slight  retching  may  be  seen  now  and  then,  but 
it  rarely  lasts  more  than  a  few  moments  and  does  not  endanger 
respiration.  Straining  is  never  seen  except  as  the  result  of  this 
retching. 

5.  Muscular  relaxation  is  one  of  the  chief  features  of  spinal 
analgesia  ;  it  is  extremely  marked,  and  its  value  is  obvious  in  all 
hernial  operations. 

6.  Retention  of  consciousness. — This,  although  considered 
disadvantageous  by  some,  is  often  a  great  help,  for  in  cases  in  which  a 
laparotomy  has  disclosed  some  condition  imsuspected  before  opera- 
tion the  consent  to  further  interference  can  at  once  be  obtained. 

7.  The  absence  of  post-operative  shock  is  perhaps  the 
greatest  of  all  arguments  in  favour  of  this  method.  When  analgesia 
has  been  fully  established,  shock  is  unknown.  Moreover,  in  cases  where 
a  severe  injury  has  occurred,  much  of  the  shock  may  be  avoided  and 
its  increase  prevented  by  the  use  of  spinal  analgesia. 

8.  The  dang-er  of  sudden  asphyxia  from  falling  back 
of  the  tongue,  or  of  inhalation  of  vomit,  is  avoided — an 
inestimable  gain  where  the  latter  is  fascal. 

9.  The  services  of  a  special  nurse  can  be  dispensed 
Vi^ith,  the  patient  being,  as  a  rule,  very  well  able  to  manage  for  him- 
self on  return  to  bed. 

10.  The  presence  of  friends  immediately  after  opera- 
tion is  possible,  and,  although  undesirable,  may  yet  be  imperatively 
necessary  for  business  reasons. 

11.  In  the  absence  of  an  anaesthetist,  especially  in  out-of-the- 
way  parts  of  the  world,  spinal  analgesia  is  often  of  the  greatest  service. 

12.  In  cases  v^^here  patients  have  unavoidably  to  be 
operated  upon  after  a  full  meal,  the  washmg  out  of  the 
stomach  often  induces  collapse  :  a  full  stomach  is  no  bar  to  spinal 
analgesia. 

13.  The  cost  of  all   spinal  analgesics  is  much  lower 

than  that  of  ether  or  chloroform.  This  is  a  very  great  saving  in 
hospital  practice. 

Disadvantages  of  the  method.  1.  Retention  of  con- 
sciousness.— If  it  is  seriously  urged  that  it  is  midesirable  that 
the  patient  should  see  things  which  might  frighten  him,  or  hear  remarks 
not  intended  for  him,  the  remedy  is  very  simple.  A  screen  arranged 
as  shown  in  Fig.  196  will  overcome  the  first,  and  some  damp  cotton- 
wool in  his  ears  the  second  of  these  objections. 
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2.  The  special  dangers  referred  to  later  (p.  704). 

3.  The  unsuitability  of  the  method  to  the  Trendelenburg 
position  {see  p.  705,  Jonnesco's  method). 

4.  The  uncertainty  of  the  method  as  to — 

(a)  Successful  performance  of  injection. 
(h)  Establishment  of  complete  analgesia. 

(c)  Duration  of  analgesia. 

(d)  Its  regularity  of  distribution. 

(e)  Its  probable  height. 
These  questions  are  dealt  with  later. 

5.  Its  unsuitability,  for  obvious  reasons,  to  gynaecological  opera- 
tions ill  tlie  lithotomy  position. 

6.  The  high  level  of  analgesia  required  for  most  abdo- 
minal operations.  This  is  shown  by  the  fact  that  analgesia,  even 
to  the  level  of  the  fifth  or  sixth  dorsal  nerve  area,  does  not 
always  abolish  sensations  of  nausea  and  dragging  when  the  omen- 
tum, mesentery,  and  uterus  are  roughly  handled  ;  experience  shows 
that  only  very  high  analgesia — i.e.  to  the  clavicles — will  do  this, 
and  that  only  in  some  cases. 

Various  agents  for  the  induction  of  analgesia. — Up 
to  the  present  time  six  substances  especiallv  have  been  used  in  this 
country  and  abroad. 

1.  Cocaine  was  the  earliest  analgesic  used  for  intraspinal  injec- 
tion, but  owing  to  its  highly  toxic  properties  it  has  been  definitely 
abandoned  as  dangerous. 

2.  Eucaine  has  not  survived  more  than  a  brief  trial.  It  was 
found  to  be  quite  unreliable  in  its  effects,  although  much  less 
toxic  tlian  cocaine. 

3.  Tropacocaine  has  been  much  advocated  by  Leedham-Green, 
who  has  kindly  given  the  present  writer  the  following  notes  of  its 
characters  and  use  : — 

"It  is  less  frequently  followed  (than  stovaine  and  novocaine)  by  un- 
pleasant after-effects,  such  as  headache  and  vomiting.  The  slightness  of 
the  action  of  tropacocaine  on  the  motor  cells  lessens  the  jjossibility  of  the 
resjjiratory  muscles  being  interfered  with." 

Leedham-Green  uses  1  to  1"5  c.c.  of  a  5  per  cent,  solution,  to  which 
he  adds  3  to  9  c.c.  of  cerebro-spinal  fiuid  Ijefore  injection  ;  and  he 
draws  attention  to  the  decomposition  of  the  drug  by  soda  solution. 
He  has  abandoned  the  Trendelenburg  position.  The  average  dura- 
tion of  analgesia  is  1'5  hours  ;  headache  is  noted  in  5  per  cent,  of 
cases,  and  shock  is  absent. 

4.  Alypin  is  a  derivative  of  glycerine,  and  is  neutral  in  reaction. 
It  has  been  used  abroad  in  combination  with  suprarenin  borate.  It  is 
claimed  for  it  that  it  is  less  toxic  than  cocaine,  and  that  it  produces 
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no  bad  after-effects.  This,  however,  is  denied  by  Braun,  who  says  it 
has  produced  "  local  tissue-irritation  and  gangrene." 

5.  Stovaine  is  soluble  in  water  and  slightly  acid  in  reaction. 
Barker's  solution,  prepared  by  Billon  of  Paris,  is  the  most  convenient 
form,  and  contains  0"05  grm.  of  stovaine  and  glucose  respectively  in 
each  c.c.  This  solution  is  non-irritating  and  only  slightly  toxic.  It 
has  perhaps  been  more  largely  used  in  this  country  than  any  other 
analgesic.  It  is  incompatible  with  mercury,  iodine,  iodides,  and 
alkalis. 

6.  Novocaine,  the  most  recent  of  the  analgesics,  is  readily  soluble 
in  water  and  is  neutral  in  reaction.  It  can  be  boiled  without  decom- 
position and  is  much  less  toxic  than  cocaine.  It  is  used  in  5  per  cent, 
solution  in  doses  of  from  2  c.c.  to  3  c.c.  combined  with  suprarenin 
borate,  which  is  unnecessary  and  certainly  inadvisable. 

Preparation  of  patients  and  instruments. — No  special 
diet  is  required  as  in  the  case  of  general  anaesthesia,  but  where  the 
patient  is  old  or  feeble,  light  nourishment  should  be  given  just  before 
operation.  It  is  very  important  that  the  rectum  should  be  thoroughly 
cleared  before  operation,  owing  to  the  marked  relaxation  of  the  sphinc- 
ters in  spinal  analgesia.  Where  high  analgesia  is  intended,  it  is  wise 
to  give  an  injection  of  strychnine  hypodermically  on  the  table.  The 
site  of  puncture  must  be  treated  just  as  if  an  operation  were  contem- 
plated there,  a  compress  being  applied  the  night  before.  In  urgency 
operations  the  cleansing  must  be  very  thorough,  the  part  being  treated 
with  turpentine,  ether  soap,  and  spirit. 

Previous  to  sterilization,  the  needles,  cannula,  and  syringe  must 
be  freed  from  all  trace  of  grease  by  immersion  in  ether.  They  are 
then  boiled  in  the  usual  way  ivitltout  the  use  of  soda  or  any  alkali. 
After  use  the  greatest  care  must  be  taken  to  guard  against  rust,  since 
otherwise  there  is  every  probability  that  on  the  next  occasion  the 
cannula  will  refuse  to  pass  through  the  needles,  and  be  bent  or 
broken. 

Instruments  used. — By  far  the  best  of  these  are  the  syringe 
and  needles  designed  by  Barker  (Fig.  19-3).  The  former  consists  of  a 
glass  barrel  in  metal  mounts,  with  a  worked  metal  plunger,  graduated 
to  measure  2  c.c,  each  of  the  divisions  being  subdivided  into  five, 
and  each  subdivision  representing  1  eg.  of  stovaine  and  1  eg.  of 
glucose.  The  needles,  into  the  shoulder  of  which  the  nozzle  of  the 
cannula  accurately  fits,  are  3-25  in.  in  length,  and  have  their  points 
bevelled  off  at  rather  an  obtuse  angle.  They  are  fitted  with  stylets 
similarly  bevelled,  having  a  tooth  which  fits  into  a  slot  cut  in  the 
shoulder  of  the  needles,  to  ensure  the  bevelled  surfaces  accurately 
corresponding.  The  cannula  is  made  to  pass  easily  through  the 
needles  and  to  project  about  1  mm.  beyond  their  points.    The  object 
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of  this  may  be  thus  explained :  When  the  point  of  the  needle  is 
introduced  into  the  theca  and  fluid  is  obtained,  its  further  advance 
shoukl  be  arrested  ;  it  is  possible  at  this  moment  for  the  point  to  be 
in  the  theca  and  the  base  of  tlie  bevelled  opening  in  the  epidural 
space  (Fig.  194).  Tlius,  while  fluid  may  flow  out,  the  analgesic  may 
pass  almost  entirely  into  the  epidural  space  and  be  lost  there.  If, 
however,  the  cannula  be  used,  it  acts  as  a  director,  passing  into 
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Fig.  193. — Barker's  syringe  and  needles. 

<T,  Hollow  sharp  needle  containing  caniiula  ;      cannula  :  c',  syringe. 

the  theca  and  doing  no  damage  with  its  blunt  end  ;  thus  the  whole 
of  the  solution  may  be  safely  lodged  in  the  theca. 

Position  of  the  patient. — The  patient  may  either  be  made 
to  sit  on  the  operating  table,  his  legs  hanging  over  the  edge,  and 
his  elbows  resting  on  his  knees,  the  spine  being  thus  well  flexed  and 
the  spinous  processes  widely  separated  ;  or  he  may  be  placed  upon 
the  side  of  operation,  his  thighs  well  drawn  up  on  the  abdomen, 
and  his  head  fully  flexed  upon  the  chest.  Although  the  former 
position  greatly  facilitates  the  performance  of  the  injection,  it  is  not 
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a  good  one  :  the  solution  tends  to  sink  to  the  lower  end  of  the  theca 
and  remain  there.  Further,  the  amoimt  of  movement  required  to 
place  the  patient  in  the  supine  position,  after  injection,  appears  to 
affect  the  even  flow  of  the  solution  towards  the  dorsal  region,  and 
this  frequently  interferes  with  the  evenness  and  completeness  of  the 
analgesia.  The  lateral  position,  although  more  awkward  for  the 
surgeon,  gives  the  best  results. 

Determination  of  dosage. — Only  a  general  indication  of  the 
dosage  can  be  given  here,  as  much  depends  on  the  age,  weight,  and 
condition  of  the  individual.  The  usual  dose,  however,  may  be  taken  as 


Fig.  194. — Showing  {«)  use  of  cannula,  and  (6)  accidental 
loss  of  analgesia  which  it  is  designed  to  prevent. 

that  which  will  suffice  for  the  performance  of  a  hernial  operation  in  a 
healthy  male  adult.    For  this  purpose — 

The  dose  of  tropacocaine  may  be  0"05  to  0'06  grm.  (1-2  c.c.  of  5  per 

cent,  solution). 

,,      ,,     alypin  ,,     ,,  1  to  2  c.c.  of  a  2  per  cent,  solution. 

,,     ,,     stovaine  ,,     ,,  0'05  to  0*06  grm. 

,,     ,,     novocaine         ,,     ,,  2  to  3  c.c.  of  a  5  per  cent,  solution. 

It  must  be  remembered  that  patients  may  exliibit  an  idiosyncrasy  for 
the  drug  ;  that  perineal  operations  require  the  smallest,  and  epigastric 
the  largest  closes.  It  should  be  the  rule  never  to  give  larger  initial 
doses  than  are  necessary. 

Landmarks  for  injection.— The  .site  of  puncture  should  be 
strictly  in  the  middle  line  of  the  back,  any  of  the  four  lumbar  inter- 
spaces being  chosen,  that  between  the  second  and  third  spines  being 
the  most  convenient.  According  to  Tufher,  a  line  drawn  transversely 
between  the  highest  points  of  the  iliac  crests  crosses  the  fourth  lumbar 
spine  ;  the  level  of  this  line  is  liable  to  slight  variation  owing  to  differ- 
ences in  the  width  of  the  pelvis  and  the  development  of  the  inter- 
vertebral discs.    The  matter  is  not  of  importance,  since  the  lumbar 
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spines  are  easily  distinguished,  and  any  of  their  interspaces  may  be 
utilized.  The  first  or  second  space  should  be  chosen  since,  owing 
to  the  decrease  in  diameter  of  the  theca  towards  the  sacrum,  the 
lower  spaces  require  greater  accuracy  of  direction  in  introducing  the 
needle. 

With  the  patient  in  the  lateral  position  it  is  well  to  note  the  posi- 
tion of  the  spines  above  and  below  the  proposed  site  of  puncture,  since 
there  is  a  tendency  for  the  spine  to  sag  in  this  posture. 

The  injection. — The  patient  being  in  position  on  the  table, 
the  licdil  cud  of  ivIiicJi  is  sliglitly  lowered,  or  the  pelvis  slightly  raised,  the 
compress  is  removed  and  the  part  sponged  with  spirit.  The  site  of 
puncture  being  marked  by  the  tip  of  the  forefinger  of  the  left  hand,  the 
needk^  carrj'ing  its  stylet  is  held  like  a  pen  in  the  right  (Fig.  19-3).  The 
skin  is  slightly  frozen  by  the  ethyl  chloride  spray  (too  long  an  applica- 
tion of  this  is  apt  to  turn  the  point  of  the  needle),  and  the  needle,  being 
entered  just  below  the  spinous  process  above,  is  pushed  directly  for- 
wards for  about  an  inch  and  a  half.  The  stylet  is  now  withdrawn  and 
the  needle  again  pushed  onwards  till  the  appearance  of  fluid  indicates 
that  the  theca  has  been  entered  :  this  is  usually  at  a  depth  of  from 
2"5  to  2-75  inch.  Experience  soon  enables  one  to  recognize  the  sensa- 
tion of  puncturing  the  dura.  About  5  c.c.  of  the  fluid  is  allowed  to 
escape,  and  the  cannula,  mounted  on  the  syringe,  which  has  previ- 
ously been  filled  to  the  desired  dose-mark  and  freed  from  air  bubbles, 
is  introduced  into  the  needle  up  to  the  shoulder.  The  injection  is 
gently  made,  and  the  needle  and  cannula  are  withdrawn  together.  It 
is  quite  unnecessary  to  seal  the  puncture  wound  in  any  way.  The 
patient  is  left  for  a  minute  or  so  on  his  side,  the  head  being  well  raised 
on  a  j)illoiv,  at  the  end  of  which  time  he  is  gently  rolled  over  on  to  his 
back,  a  sterilized  towel  being  placed  beneath  the  lumbar  region.  The 
head  is  kept  well  raised,  so  that  the  foramen  magnum  is  always  on  a 
higher  level  than  the  fourth  and  fifth  dorsal  spines,  which  should  form 
the  lowest  point  of  the  back  on  the  table.  The  puncture  rarely  causes 
any  pain,  even  wheji  the  spray  is  omitted.  If,  however,  as  occasion- 
ally happens,  any  of  the  cords  of  the  cauda  equina,  or  the  periosteum 
of  the  vertebrae  should  be  touched,  pain  is  at  once  felt,  and  in  the  former 
case  its  reference  to  one  side  or  other  indicates  the  erroi'  in  direction 
of  the  needle. 

The  flow  of  fluid  varies  greatly  in  its  activity  ;  and  it  is  found 
that  a  feeble  flow  generally  precedes  a  feeble  and  irregular 
analgesia. 

Indications  of  successful  injection,  with  relative 
times  of  occurrence. — The  evidences  of  the  solution  having 
reaclii'd  the  spinal  theca  may,  in  their  chronological  order,  he 
enumerated  as  follows  : — 
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1.  Loss  of  knee-jerks.    At  once. 

2.  Sensation  of  warmth  and  tingling  in  tlie  feet.    One  minute. 

3.  Loss  of  cremasteric  and  plantar  reflexes.    Two  minutes. 

4.  Numbness  of  feet  and  ankles,  and  analgesia  of  perineum,  penis, 
scrotum,  and  rectum.    Three  to  four  minutes. 

5.  Loss  of  motor  power  in  legs  and  analgesia  to  groins.  Five 
minutes. 

6.  Analgesia  to  and  often  above  umbilicus.    Six  to  ten  minutes. 
By  means  of  a  pin-point  the  rise  of  analgesia  is  ascertained,  and  as 


Fig.  19G.  — The  site  of  operation  screened  from  patient's  view. 


soon  as  it  has  attamed  to  some  distance  above  the  site  of  operation 
the  table  is  levelled,  or  the  pelvis  lowered,  but  the  patient's  head  is 
still  kept  well  raised. 

By  means  of  a  stand  carrymg  a  sheet,  which  passes  across  the 
chest,  the  site  of  operation  is  entirely  screened  from  the  patient's  view 
(Fig.  llili),  and  the  operat(n'  ran  proceed. 

Height  of  analgesia  necessary  for  certain  opera- 
tions.— The  analgesia  passes  off  in  an  order  reverse  to  that  of  its 
induction,  and  a  margin  must  be  allowed  for  this  if  tlie  operation  is 
to  be  completed  painlessly.  Further,  this  resolution  proceeds  com- 
paratively rapidly,  twenty  minutes  often  sufficing  to  clear  it  from  the 
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umbilicus  to  the  knees  ;  therefore  analgesia  should  be  established  to 
the  following  levels  for  the  operations  mentioned  :— 


When  the  operation  is  nearly  completed  and  the  analgesia  shows  signs 
of  resolving,  it  is  well  to  commence  suturing  from  the  top  of  the  wound  ; 
and  here  it  may  be  mentioned  that  in  cases  of  double  hernia  the  opera- 
tion should  be  commenced  on  the  side  opposite  to  that  on  which  the 
patient  was  lying  at  the  time  of  injection,  since  the  analgesia  commonly 
lasts  longer  on  the  lower  of  the  two  sides. 

Phenomena  on  the  table. — In  most  cases  the  whole  opera- 
tion is  accomplished  without  difficulty  to  the  surgeon  or  discomfort  to 
the  patient.  Faintness,  pallor,  and  siveating,  accompanied  by  slight 
regurgitant  vomiting,  are,  however,  occasionally  seen.  These  pheno- 
mena are  probably  toxic  in  origin  ;  they  usually  commence  in  the 
first  fifteen  minutes  and  rarely  last  for  more  than  five  minutes,  and 
after  their  cessation  the  patient  remains  perfectly  comfortable.  Pos- 
sibly they  are  associated  with  some  slight  fall  of  blood  pressure,  as 
compression  of  the  abdomen  seems  to  benefit  the  patient,  but  of 
this  there  is  at  present  no  proof. 

In  rarer  cases,  where  the  analgesia  has  risen  to  the  clavicles,  a  sense 
of  chilliness  and  shivering,  without  pyrexia,  have  been  noted. 

With  high  analgesia  there  are  at  times  an  alteration  of  respira- 
tion resembling  "  air  hunger,"  and  inability  to  cough ;  there  is  no 
cyanosis  or  increase  of  respiratory  rhythm,  and  the  condition  is  clearly 
due  to  paresis  of  the  intercostal  muscles,  the  diaphragm  alone  carry- 
ing on  respiration.    The  patient  is,  however,  not  in  any  way  distressed. 

Priapism  is  occasionally  seen,  exactly  as  in  cases  of  fracture  of 
the  cervical  spine,  but  it  is  not  always  due  to  high  analgesia. 
Relaxation  of  the  sphincters  is  characteristic  of  the  method,  there- 
fore careful  evacuation  of  the  bowels  before  operation,  and  the  pro- 
vision of  a  pad  of  cotton-wool  in  the  perineum  when  on  the  table, 
are  required. 

Pupillary  changes  have  been  seen,  generally  in  the  way  of  contraction 
or  inequality  ;  but  they  are  rare  and  transient. 

Thirst  is  frequently  complained  of,  especially  in  association  with 


Operation 
On  legs         .        .        .        .  . 
On  thighs     .        .        .        .  . 
Genitals  and  rectum 
Appendicectomy    .        .        .  . 
Hysterectomy  and  pelvic  operations 


Analgesia  required 
To  groins. 
To  umbilicus. 
To  umbilicus. 
To  ensiform  cartilage. 


generally 
Inguinal  colostomy 
Laparotomy  above  umbilicus  . 


To  clavicles. 
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pallor  and  sweating.  No  treatment  of  these  latter  symptoms  is  better 
than  the  assuaging  of  the  former. 

Duration  of  analgesia. — Case  for  case,  small  doses  mean 
short  analgesia,  but  the  reverse  is  not  always  true.  Nothing  varies 
so  much  in  this  procedure  as  the  duration  of  analgesia  in  different 
individuals.  The  average  duration  resulting  from  a  dose  of  6  eg.  of 
stovaine  in  adults  is  fifty  minutes,  but  it  is  at  times  as  long  as  ninety 
or  as  short  as  twenty.  As  a  rule,  a  good  flow  of  cerebro-spinal  fluid 
and  a  steady  rise  of  analgesia  means  analgesia  of  high  level  and  long 
duration.  Removal  of  excessive  amounts  of  fluid  tends  to  very 
rapid  rise  and  to  shorter  analgesia.  The  injection  should  not  be 
made  where  the  flow  of  fluid  is  poor.  In  most  cases  the  effects  of  the 
injection  will  be  found  to  have  passed  off  in  the  course  of  from  one 
to  two  hours,  the  knee-jerks  being  the  last  of  the  functions  to  be 
re-established. 

Post-operative  phenomena. — In  this  country  the  procedure 
seems  to  have  been  singularly  free  from  unpleasant  sequelae  ;  but  on 
the  Continent,  where  opinion  varies  greatly  as  regards  dosage,  posi- 
tion, technique,  and  class  of  patient,  such  phenomena  have  been 
reported  from  time  to  time. 

The  simplest  sequelae  met  with  in  ordinary  circumstances  are  head- 
ache, backache,  pain  in  the  liiubs,  sickness,  and  pjirexia.  The  first  four 
of  these  depend  largely  on  the  method  of  administration,  and  are  less 
frequently  seen  as  experience  is  gained  ;  the  last  is  almost  always 
present,  but  the  temperature  rarely  ranges  above  101°  F.,  and  com- 
monly subsides  on  the  second  or  third  day.  Schwarz  considers  the 
effects  to  be  as  much  due  to  the  vehicle  as  to  the  drug,  since  sterilized 
water  is  of  itself  capable  of  producing  such  symptoms. 

These  sequelpe  are  said  to  be  commoner  where  stovaine  is  employed, 
but  this  probably  only  means  that  that  drug  has  been  far  more  exten- 
sively used  than  any  other.  In  the  course  of  over  800  cases  at  the 
Seamen's  Hospital,  Greenwich,  no  serious  sequela3  of  any  kind  have 
been  met  with.  Many  writers,  however,  speak  of  tropacocaine  and 
novocaine  as  being  less  toxic  than  other  analgesics.  The  following 
points  should  be  noted  as  making  for  safety  : — 

1.  Cocaine  should  be  entirely  abandoned. 

2.  The  Trendelenburg  position  is  not  well  suited  to  cases  under 
spmal  analgesia. 

3.  Pysemia  is  a  contra-indication  to  spinal  analgesia,  although 
simple  sepsis  is  not  necessarily  so. 

4.  Preparations  of  suprarenal  gland  are  probably  dangerous  to  the 
vitality  of  the  cornual  cells  of  the  cord. 

5.  Unduly  high  analgesia  should  not  be  purposely  aimed  at. 

6.  Dosage  should  be  rather  under-  than  over-estimated.    It  is 
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better  to  use  a  small  dose,  and  have  to  repeat  it,  than  to  administer  a 
large  one,  the  results  of  which  cannot  be  undone. 

Causes  of  failure  to  enter  the  spinal  theca. — 1.  The 

spines  may  be  very  closely  set ;  they  may  be  osteo-arthritic  or  the 
seat  of  an  old  injury. 

2.  The  theca  may  be  of  very  small  diameter,  tough,  or  thickened 
by  old  pachymeningitis. 

3.  The  needle-point  may  be  blunt,  or  may  be  turned  by  encoun- 
tering bone  during  its  passage,  and  so  may  push  the  theca  before  it 
without  perforating  it. 

4.  Inaccuracy  of  direction  may  carry  the  needle  to  one  side  or 
other  ;  this  may  easily  happen  if  the  patient's  body  is  twisted  on  the 
table. 

5.  In  very  stout  patients,  in  whom  the  bony  landmarks  are  absent, 
accurate  judgment  is  necessarily  replaced  by  pure  guesswork. 

Causes  of  failure  to  get  a  good  flow  of  cerebro- 
spinal fluid. — 1.  In  old  and  wasted  patients  deficiency  of  fluid 
may  be  the  cause. 

2.  In  some  cases  failure  is  probably  due  to  the  rush  of  fluid  carry- 
ing a  nerve  cord,  or  a  fold  of  arachnoid,  against  the  orifice  of  the 
needle  ;  this  difficulty  can  often  be  got  over  by  rotating  the  latter  so 
that  the  orifice  faces  in  a  different  direction. 

3.  The  theca,  instead  of  being  punctured  in  the  centre,  may  be 
entered  at  one  side  ;  or  the  needle,  if  passed  too  rapidly  with  the  stylet 
in  place,  may  traverse  the  theca  and  emerge  on  the  anterior  surface. 
In  such  cases  a  very  small  quantity  of  fluid  may  pass  out  of  the  needle, 
but  as  soon  as  the  cannula  is  inserted  its  orifice  will  be  blocked,  or 
its  point  will  pass  out  of  the  theca  and  the  solution  be  lost  in  the 
epidural  space. 

4.  Occasionally  a  small  vessel  may  be  opened  in  the  tissues  of  the 
back,  and  the  needle  become  blocked  with  clot.  This  is  likely  to 
happen  when  a  failure  to  find  the  theca  in  one  direction  is  followed 
by  a  second  attempt  in  another  without  entirely  withdrawing  and 
clearing  the  needle. 

Cause  of  failure  to  get  satisfactory  analgesia.— Pro- 
vided the  flow  of  cerebro-spinal  fluid  has  been  active,  the  drug  fresh 
and  uncontaminated  by  contact  with  incompatibles,  and  the  injection 
properly  conducted,  insufficient  analgesia  is  always  the  result  of  in- 
sufficient dosage. 

Mechanical  aids  to  sluggish  rise. — Where  the  analgesia 
lags  after  injection,  the  solution  can  be  induced  to  rise  in  the  theca  by 
one  of  three  methods. 

1.  The  intraventricular  pressure  in  the  brain  may  be  diminished 
by  causing  the  patient  to  take  three  or  four  sudden  and  deep  inspira- 
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tions,  thus  causing  a  partial  vacuum  which  must  be  met  by  a  slight 
upward  flow  of  the  thecal  contents.  This  will  only  assist  to  a  trifling 
extent. 

2.  The  force  of  gravity  may  be  utilized  by  increasing  the  declina- 
tion of  the  head  end  of  the  table.  This  may  help  if  done  within  the 
first  ten  minutes  or  so  from  the  time  of  injection. 

3.  A  vis  a  tergo  may  be  created  l)y  injecting  a  heavy  and  inert 
solution,  or  by  giving  a  second  injection  of  the  analgesic. 

The  third  method  is  the  only  practical  one  where  some  time  has 
elapsed.  A  simple  solution  of  glucose  may  be  used  if  it  is  tiiought 
unwise  to  give  more  of  the  analgesic,  and  will  at  times  result  in 
the  original  solution  being  carried  to  a  higher  level  in  the  theca  ; 
but  it  is  more  satisfactory  to  perform  a  second  injection  of  the 
analgesic. 

Second  injections. — There  is  no  objection  to  a  second  or  even 
a  third  injection,  if  necessary,  provided  the  practice  is  carefully  safe- 
guarded. The  points  to  be  considered  are  (1)  the  age  of  the  patient, 
(2)  his  condition  on  the  table,  (.3)  the  amount  of  the  original  dose, 
(4)  the  time  which  has  elapsed  since  tiie  first  injection,  and  (0)  the 
probable  duration  of  the  operation. 

If  after  injection  710  analgesia  results  it  is  certain  that  none  of  the 
solution  has  entered  the  theca.  The  original  dose  may  then  be 
repeated. 

In  young  subjects  it  is  well  to  use  only  one-third  the  original  dose, 
since  it  is  found  that  in  them  second  doses  are  more  rapidly  eft'ectual 
than  in  adults,  and,  case  for  case,  produce  a  more  rapid  and  higher  rise 
on  a  proportionately  smaller  dose. 

In  the  case  of  adults,  in  whom  the  ordinary  dose  is  6  eg.  (stovaine), 
insufficient  rise  from  the  first  may  be  met  by  an  additional  dose  of 
half  the  original  quantity.  If  some  tune  has  elapsed  since  the  initial 
injection  and  the  patient  shows  no  toxic  symptoms,  the  dose  may 
be  two-thirds  the  original  amount.  If  the  analgesia  is  no  higher  than 
the  groins,  the  original  amount  may  be  repeated  with  safety.  Each 
case  must  be  judged  on  its  merits. 

The  needle  and  cannula  must  never  be  left  in  situ  to  provide 
against  a  second  injection  ;  the  practice,  although  advocated  by 
some  surgeons,  is  as  needless  as  it  is  dangerous.  It  is  easy  to  cover 
the  wound,  roll  the  patient  over,  and  give  a  second  injection  during 
operation. 

Use  of  general  anaesthesia  with  spinal  analgesia. — 

It  may  happen  that  towards  the  end  of  an  operation,  especially  in 
abdominal  section,  some  dragging  pain,  or  the  insertion  of  sutures, 
may  be  felt.  In  such  cases  it  may  l)e  hardly  worth  while  to  repeat  the 
injection,  and  tlie  difticultv  may  be  met  by  the  administration  of  a 
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very  small  quantity  of  a  general  anaesthetic.  Spinal  analgesia  is  no 
contra-indication  to  this,  and  a  very  much  smaller  amount  of  ether 
or  chloroform  will  be  required  than  would  otherwise  be  the  case. 

Possible  dangers  of  spinal  analgesia. — Experience  goes 
to  show  that  these  arise  very  rarely.    They  are  : — 

L  Septic  meningitis. — This  must  come  first  on  the  list  because 
when  it  occurs  the  condition  is  hopeless.  With  ordinary  care  it  should 
never  be  seen.  Almost  the  only  recorded  cases  are  those  occurring 
in  the  presence  of  already  established  pyaemia,  which,  as  stated,  is  a 
contra-indication  to  the  method. 

2.  Injury  to  the  cauda  equina. — Although  few  complaints  are 
made  by  patients  of  the  pain  which  points  to  this  accident,  it  must  be 
admitted  that  contact  with  the  needle  does  from  time  to  time  occur. 
Provided  that  the  puncture  is  gently  performed,  little  damage  can 
result ;  and  even  were  one  of  the  nerves  to  be  pierced,  this  would  still 
probably  be  so,  since  Cushing's  practice  of  injecting  nerve-trunks  as 
a  protection  against  shock  is  not  followed  by  any  ill  effects. 

3.  Injury  to  the  spinal  cord. — This  could  only  happen  as  the 
result  of  injection  above  the  first  lumbar  spine.  With  reasonable  care 
and  a  fine  needle  there  is  little  probability  of  any  damage  being  done, 
even  where  high  injections  are  made.  The  slightest  contact  with  the 
cord  would  at  once  be  felt.  It  is  doubtful  even  if  a  slight  puncture 
would  injure  the  cord. 

4.  Haemorrhage  into  the  spinal  canal. — For  the  reasons 
already  given,  this  accident  is  improbable.  Experience  shows  it  to  be 
extremely  rare. 

5.  Persistence  of  paresis  or  paraesthesia.^ — This  is  also 
rare,  but  it  is  quite  possible  where  preparations  of  suprarenal  gland 
are  used.  It  can  only  be  due  to  pathological  changes  in  the  cornual 
cells  or  in  the  nerve  roots.  As  an  immediate  consequence  of  the 
injection  it  might  be  attributed  to  the  former  ;  but  if  occurring  at  a 
later  date  and  involving  only  the  distribution  of  one  nerve  or  part  of 
a  nerve,  it  suggests  fibrosis  from  puncture  of  that  nerve  ;  or  in  the 
case  of  monoplegia  or  paraplegia,  haemorrhage  into  the  spinal  canal  or 
theca. 

6.  Retention   of  urine   and    incontinence    of   faeces. — 

Little  is  known  of  these  complications,  no  sufficiently  authenticated 
case  having  been  reported. 

7.  Toxaemia. — The  various  analgesics  differ  in  their  degree  of 
toxicity,  and  the  depth  of  the  toxaemia  is  not  entirely  due  to  the 
amount  of  the  drug  used.  Some  patients  undoubtedly  exhibit  idios3m- 
crasy  to  some  of  them,  even  in  comparatively  small  doses  insufficient 
to  produce  high  analgesia  ;  and  this  must  be  remembered  in  dealing 
with  children. 
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8.  Asphyxia. — This  is,  of  course,  the  direct  result  of  high  anal- 
gesia. Even  after  the  table  has  been  levelled  in  order  to  limit  the 
further  ascent  of  the  solution  in  the  theca,  the  analgesia  will  at  times 
attain  a  slightly  higher  level,  owing  probably  to  the  diffusion  of  the 
drug.  A  close  watch  must  therefore  be  kept  on  this  rise  as  it  approaches 
the  second  or  third  dorsal  nerve-area.  At  this  height  it  is  clear  that 
the  intercostal  muscles  must  be  paralysed  and  the  diaphragm  alone 
left  to  carry  on  respiration.  Especially  must  the  rise  due  to  forced 
inspiratory  efforts  in  bronchitic  and  asthmatic  subjects  be  remembered 
and  allowance  made  for  it. 

Treatment  of  dangeroiish/  hiij/i  anahjesia. — -As  in  these  cases 
the  chief  danger  is  asphyxia,  where  symptoms  are  already  present 
the  indication  is  to  dilute  the  analgesic  injected,  as  far  as  possible. 
This  might  be  accomplished  to  some  extent  by  drawing  off  rapidly 
about  half  an  ounce  of  cerebro-spinal  fluid.  As  the  fluid  is  rapidly 
replaced  from  the  cerebral  ventricles,  it  would  tend  to  wash  down 
from  above  any  of  the  drug  remaining  in  the  spinal  theca.  Artificial 
respiration  must  then  be  resorted  to,  strychnine  injected  hypodor- 
mically,  and  the  abdomen  compressed  by  a  firm  binder  and  pad. 
Fortunately  the  necessity  for  such  treatment  is  extremely  rare. 

Cautions  to  nurses. — 1.  Although  the  patient  is  perfectly 
conscious  on  his  return  to  bed,  his  legs  niay  be  quite  insensitive  to  a 
tight  bandage  or  the  heat  of  a  hot  bottle. 

2.  Analgesia  of  the  penis  and  rectum  resolves  late  ;  if,  therefore, 
no  precautions  are  taken  against  it,  the  patient  may  be  left  lying  in 
urine  and  fseces  unconsciously  passed. 

3.  After  short  operations,  where  the  analgesia  is  still  unresolved, 
the  head  must  be  kept  well  raised  on  return  to  bed. 

Spinal  analgesia  applied  to  operations  on  the  thorax, 
head,  and  neck. — At  the  International  Congress  of  Surgery  in 
Brussels  in  19US,  Jonnesco  of  Bucharest  described  a  method  of  pro- 
ducing high  analgesia  by  means  of  which  he  had  been  able  to  operate 
on  every  part  of  the  body  without  interference  with  the  respiratory  or 
cardiac  centres.  Briefly,  the  method  is  as  follows  :  The  solution  used 
is  a  combination  of  neutral  sulphate  of  strychnine  and  stovaine  (or 
other  analgesic),  and  the  former  drug  is  used  for  the  purpose  of  stimu- 
lating the  respiratory  and  cardiac  nerves,  which  it  is  enabled  to  do 
owing  to  its  action  being  more  rapid  than  that  of  stovaine.  The 
strychnine  solution  is  made  in  two  strengths,  viz.  5  eg.  to  100  grm. 
of  sterilized  water,  1  c.c.  of  this  representing  0'5  mg.  of  strychnine  ; 
and  10  eg.  to  100  grm.  of  water,  1  c.c.  of  this  representing  1  mg.  of 
.strychnine.  The  weaker  is  for  high,  the  stronger  for  low  analgesias. 
The  stovaine  is  used  in  varying  doses.  Tiuis,  in  adults,  head  and  neck 
operations  require  3  eg.,  thoracic  6  to  8  eg.,  and  abdominal  8  to  10  eg. 
2  T 
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AVhen  injection  is  to  be  performed,  1  c.c.  of  whicliever  stryclinine  solu- 
tion is  required  is  withdrawn  by  the  syringe  from  the  bottle  and  i& 
injected  into  the  tube  which  contains  the  stovaine  in  powder  in  the 
amount  required.  When  this  is  dissolved  the  solution  is  again  drawn 
up  into  the  syringe.  Small  quantities  of  stovaine  should  be  used 
where  the  patient  is  feeble  or  has  lost  much  blood.  The  patient  is 
placed  in  either  of  the  two  positions  already  described  (p.  695),  and  the 
puncture  is  made — for  a  high  analgesia,  between  the  spines  of  the  first 
and  second  dorsal  vertebrte  ;  for  a  low  analgesia,  between  the  last  dorsal 
and  first  lumbar  spines.  The  head  and  shoulders  are  then  gently 
lowered,  and  the  analgesia  becomes  complete  within  two  to  three 
minutes  for  head  and  five  to  seven  minutes  for  thoracic  operations. 

The  originator  of  this  method^  maintains  that  it  is  unnecessary 
to  sterilize  the  dry  stovaine,  the  strychnine  being  sufficiently  anti- 
septic to  obviate  any  danger  of  sepsis.  The  water,  however,  and  all 
tubes,  needles,  etc.,  must  be  perfectly  sterilized. 

By  means  of  this  process  Professor  Jonnesco  and  his  assistants,. 
Professors  Janio  and  Nasta,  state  that  they  have  operated  successfully 
on  156  cases  requiring  analgesia  by  high  dorsal  puncture,  and  that  in 
no  case  has  any  dangerous  symptom  been  noted.  The  after-effects  are 
similar  to  those  already  mentioned. 

No  special  syringe  is  required  for  the  injection  ;  any  syringe  which 
wUl  hold  the  required  quantity  of  solution,  and  any  needle  which  is 
long  enough  to  reach  the  theca,  may  be  used. 

This  method  must,  however,  for  the  present  be  considered  as  sub 
judice.  Having  submitted  nine  cases  to  it  in  the  Seamen's  Hospital, 
Greenwich,  I  found  the  efEects  by  no  means  constant,  and,  although 
some  of  these  cases  were  entirely  satisfactory,  the  failure  in  others  was 
such  as  to  suggest  that  the  method  is  not  unattended  by  danger.  The 
details  are  set  out  in  the  following  table  : — 


Results  of  High  Analgesia  at  the  Seamen's  Hospital 


Operation 


Injection 


Analgesia 


Result 


1.  Resection  of 

rib  for  em- 
pyema 

2.  For  epigastric 

hernia 

3.  Proposed  gas- 

trotomy  (not 
attempted) 


7th  dorsal 


To  eyes 


Successful.    Respiration  un- 
affected. 


7th  dorsal 


To  eyes 


Successful.    Resi)iration  un- 


affected. 


7th  aorsal 


(?) 


Patient  became  unconscious 
and  ceased  to  breathe. 
Pulse  strong  throughout. 
Artificial  respiration,  65 
minutes.  Recovery. 


1  Details  will  be  found  in  the  Brit.  Med. 
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Results  of  High  Analgesia  at  the  Seamen's  Hospital  {continued  ] 


4. 


9. 


Operation 


Craniectomy 
for  Jackson- 
ian  epilepsy 

5.  Linear  osteo- 

tomy of  liu- 
merus 

6.  Excision  of 

malignant 

cervical 

glands 

7.  Antrectomy 

for  otitis 
media 


S.  Submucous  re- 
section of 
nasal  sej)- 
tum 


Submucous  re- 
section of 
nasal  sep- 
tum pro- 
posed (not 
attempted) 


Injection     '  Analgesia 


Result 


2nd  dorsal   ,  To  vertex    ,  Successful.    Respiration  un- 
1  affected. 

I 

•2nd  dorsal      To  vertex       Successful.    Respiration  un- 
affected. 

2nd  dorsal      To  vertex      Successful.    Respiration  un- 
I  I  affected. 


2nd  dorsal 


2nd  dorsal 


2nd  dorsal 


To  vertex, 
but  mea- 
tus not 
analgesic. 
Op.  com- 
pleted 
with 
C'HC13 

To  vertex 


To  vertex, 
excepting 
nasal  mu- 
cous mem- 
brane. 


Respiration  unaffected. 


Almost  comjilete  respiratory 
paralysis ;  recovery  with- 
out artificial  respiration. 
Operation  completed  jiain- 
lessly. 

Complete  paralysis  of  resjii- 
ration  for  three  minutes. 
Artificial  respiration.  Re- 
covery. 


Tliese  cases  were  all  done  with  stovaine,  and,  seeing  that  at  least 
six  of  them  were  satisfactory  so  far  as  respiration  is  concerned,  it  is 
possible  that  some  safer  drug  may  be  found  which  will  overcome  the 
difficulty  of  respiratory  paralysis. 

Spinal  analgesia  in  children. — The  statement  that  this 
metliod  is  contra-indicated  in  children  is  shown  to  be  unfounded 
by  the  work  of  Tyrrell  Gray,  w^ho  has  published  over  two  hundred 
cases  of  wide  variety.  The  ages  ranged  from  three  months  to  thirteen 
years.  In  the  earlier  cases  Barker's  stovaine-glucose  solution  was 
used,  but  in  the  later  a  solution  of  stovaine  and  dextrine,  which  the 
writer  thinks  tends  to  diminish  tlie  amount  and  rate  of  absorption  of 
the  stovaine  into  the  circulation,  and  thus  some  of  the  unpleasant 
sec]uel<T,  and  to  give  greater  accuracy  of  localization.  He  uses  the 
interval  between  the  third  and  fourth  lumltar  spines  for  puncture. 
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His  results  have  been  excellent,  especially  in  the  case  of  operations 
for  intussusception,  the  mortality  of  which  has  been  appreciably 
lowered. 
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TUBERCULOSIS 


By  J.  M.  BEATTIE,  M.A.,  M.D. 

This  infective  disease,  resulting  from  the  invasion  of  the  tissues  by 
B.  tuberculosis,  is  met  with  as  a  local  and  as  a  general  affection. 

The  local  conditions  are  those  which  specially  concern  the  surgeon  ; 
but  the  general  condition  is  also  of  importance,  especially  in  its  relations 
with  the  local  affection.  The  two  conditions  are  not  infrequently 
associated  with  one  another,  and  a  general  and  widespread  infection 
may  be  secondary  to,  and  may  be  the  cause  of  deatli  in,  a  local  form 
of  the  disease. 

The  causal  organism  can  generally  be  demonstrated,  at  one  time  or 
another,  in  the  various  foci  of  the  disease.  It  may  be  present  in  very 
large  numbers,  or  it  may  be  so  scanty  that  microscopical  examination 
fails  to  detect  it.  Inoculation  results  are  always  positive  if  the  bacillus 
is  present  and  in  an  active  condition. 

There  seems  now  no  reason  to  doubt  that  the  disease  in  the  human 
subject  may  be  caused  by  either  the  human  or  the  bovine  bacillus, 
and  experimental  evidence  proves  that  many  of  the  lower  animals  may 
be  infected  with  either  form  of  the  bacillus. 

Methods  of  infection. — Ingestion  of  tuberculous  material 
is  no  doubt  a  fruitful  source  of  infection.  Meat,  milk,  or  other  articles 
of  diet  may  contain  B.  tuberculosis.  The  bacilli  pass  through  the 
stomach  and  become  lodged  in  the  intestines,  or  pass  directly  through 
the  intestinal  wall  by  the  lymphatic  channels,  and  so  reach  the  mesen- 
teric glands.  In  tlie  intestines  they  may  cause  proliferative  changes, 
ulceration,  etc.,  and  in  the  mesenteric  glands  there  are  enlargements, 
proliferative  changes,  caseation,  etc.,  producing  the  condition  of  tabes 
mesenterica.  Tuberculous  enlargement  of  the  glands  in  the  neighbour- 
hood of  the  ca'cum,  which  is  occasionally  met  with  in  young  adults, 
appears  to  be  due  to  a  primary  infection  of  the  crecum  or  to  the 
passage  through  the  ca'cum  of  the  bacilli  without  direct  infection  of 
its  wall. 

Much  importance  has  recently  been  attached  by  Calmette  and 
others  to  infection  by  way  of  the  alimentary  canal,  but,  though  it  must 
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be  given  an  important  place,  I  do  not  think  it  is  tlie  commonest 
channel  by  which  the  bacilli  reach  the  tissues  in  the  human  subject. 

In  the  infected  mesenteric  glands,  particularly  in  young  children, 
the  bacillus  characteristic  of  bovine  tuberculosis  is  frequently  found 
to  be  the  causal  agent. 

Intestinal  tuberculosis  may  also  occur  as  the  result  of  the  swallow- 
ing of  sputum  by  patients  suffering  from  the  pulmonary  form  of  the 
disease. 

Inhalation  of  dried  bacilli,  derived  from  any  source — e.g.  the 
dried-up  sputum  of  tuberculous  patients — or  inhalation  of  fine,  moist 
sprays  which  have  become  infected  by  means  of  sputum  or  in  other 
ways,  is  probably  the  commonest  method  of  infection.  The  bacilli 
pass  directly  to  the  trachea,  larger  bronchi,  or  lungs,  where  they  settle 
down  and  produce  their  characteristic  changes  ;  or  they  become 
arrested  on  the  moist  surfaces  of  the  tonsils  or  the  adenoid  tissue  of 
the  naso-pharynx,  and  from  these  situations  pass  to  the  neighbouring 
glands.  The  tuberculous  cervical  lymphatic  glands,  which  are  so 
common  in  the  practice  of  every  surgeon,  are  in  the  majority  of  cases 
infected  from  the  tonsils  or  adenoid  tissue  of  the  naso-pharynx.  This 
emphasizes  the  importance  of  surgical  attention  to  enlarged  tonsils 
and  to  adenoids.  No  doubt  bacilli  are  also  arrested  in  these  situations 
during  the  ingestion  of  infected  food  material. 

Infection  by  means  of  abrasions  or  wounds  of  the  skin  is 
not  common,  though  post-mortem  warts  and,  it  may  be,  also  lupus 
arise  in  this  way.  Occasionally  also  surgical  wounds  have  accidentally 
become  contaminated  with  B.  tuberculosis,  and  tuberculous  lesions  have 
been  produced.  Wounds  made  with  material  previously  infected  with 
the  bacillus,  if  not  very  thoroughly  cleansed,  may  be  the  starting-point 
of  definite  tuberculosis.  Several  cases  have  been  recorded,  such  as 
that  of  Tscherning  of  Copenhagen,  where  a  finger  had  to  be  amputated 
and  glands  in  the  elbow  and  axilla  excised  in  a  woman  who  had  cut 
her  finger  with  a  broken  glass  vessel  containing  the  sputum  of  a 
phthisical  patient. 

Obscure  methods  of  infection. — The  method  of  infection  in 
a  certain  proportion  of  cases,  especially  those  occurring  in  bone  and 
in  the  brain,  is  not  at  all  clear.  In  some  there  is  probably  a  spread, 
by  way  of  the  lymphatics,  from  infected  lymphatic  glands  ;  but  in 
other  cases,  and  particularly  in  localized  tuberculous  affections  of  the 
bones  and  the  joints  and  of  the  testicle,  a  carriage  of  the  bacilli  by  the 
blood-stream  seems  the  only  reasonable  explanation.  In  such  cases, 
too,  there  is  often  a  local  cause  determining  the  site  of  attack — e.g. 
a  previous  injury,  or  a  non-tuberculous  inflammatory  focus. 

Infection  of  an  infant  from  its  mother  is  brought  about 
through  one  or  other  of  the  ordinary  channels,  and  by  the  ordinary 
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methods,  of  which  inhahition  of  tuberculous  sputum  and  ingestion  of 
tuberculous  milk  are  the  commonest.  Direct  transmission  of  the 
tubercle  bacilli  from  the  mother  to  the  child  by  way  of  the  placenta 
may  take  place.  So-called  "  hereditary  transmission  ''  I  cannot  regard 
as  anything  more  than  an  inherited  predisposition — a  natural  weakness 
which  renders  the  infant  more  liable  to  attack. 

The  extension  of  local  tuberculosis  In  the  body  may 
take  place  in  several  ways.  There  may  be  a  direct  infiltration  of  the 
surrounding  tissues,  as  is  seen  in  superficial  tuberculous  infections 
of  the  skin  ;  passage  to  various  parts  by  way  of  the  lymphatics,  even 
in  a  direction  opposite  to  that  of  the  lymph-stream  ;  extension  along 
air  or  other  natural  passages ;  and  direct  transmission  by  the  blood- 
stream. Thus  tuberculosis  of  the  air-passages  is  often  found  in  asso- 
ciation with  tuberculous  disease  of  the  lungs,  the  former  being  caused 
by  the  infected  sputum  lying  constantly  in  contact  with  their  mucous 
membranes. 

The  spread  along  natural  passages  is  very  well  illustrated  in  cases 
of  genito-urinary  tuberculosis,  where  the  disease,  starting  in  the 
testicle,  may  extend  along  the  whole  length  of  the  vas  deferens  to 
tlie  vesiculte  seminales  and  the  urinary  bladder,  or  even  up  the  ureters 
to  the  kidney. 

Tuberculosis  of  the  pleura,  pericardium,  or  peritoneum  nuiy  become 
widespread  in  these  membranes,  merely  by  the  bacilli  coming  in  direct 
■contact  with  them  ;  or  the  condition  may  be  more  localized  in  the 
membranes,  and  the  neighbouring  lymphatic  glands  may  become 
specially  involved  l)y  the  passage  of  the  bacilli  along  the  lympliatic 
channels. 

Spread  by  the  blood-stream  is  less  common,  and  is  generally  due 
to  ulceration  of  a  tuberculous  focus  into  an  artery  or  a  vein. 

Effects  produced  by  the  introduction  of  B.  tuber- 
culosis or  material  containing  it  into  susceptible 
animals. — Into  wliatever  tissue  the  bacilli  are  introduced,  the  result- 
ing changes  are  practically  identical,  and  therefore  a  study  of  the 
condition  in  one  tissue — e.g.  the  peritoneum — will  be  sufficient  to  illus- 
trate tlie  microscopical  characters  of  a  tuberculous  lesion. 

After  the  introduction  of  the  bacilli  there  is  a  preliminary  poly- 
morplionuclear  leucocytosis,  which  in  about  two  days  is  followed  by 
a  great  increase  in  tlie  mononucleated  cells.  These  cells  are  the  main 
formed  constituent  of  the  exudate  after  the  fourth  or  fifth  day.  They 
ingest  large  numbers  of  the  bacilli,  and  persist  till  tlie  death  of  the 
animal.  Examination  of  the  omentum  shows  the  bacilli  lodged  at 
various  points  ;  and  at  these  foci,  even  in  twenty-four  hours, 
mitosis  and  proliferation  of  the  fixed  connective-tissue  and  endo- 
thelial cells  are   seen.     The  proliferation   increases,  and   in  from 
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three  to  five  clays  the  bacilli  become  surrounded  by  a  definite  zone 
of  these  cells,  which  are  rounded  or  oval  in  shape,  have  a  vesicular 
nucleus  and  abundant  cytoplasm.  These  epithelioid  cells  (Plate  69, 
Fig.  1)  are  almost  certainly  derived  by  a  proliferation  of  the  endothelial 
cells  lining,  especially,  lymph  spaces  and  channels  at  the  focus  of  infec- 
tion, and  probably  also  by  an  actual  multiplication  of  the  fixed  con- 
nective-tissue cells.  In  these  cells  the  bacilli  are  found  in  great  numbers, 
often  so  numerous  as  to  suggest  a  local  multiplication  within  the  cell 
cytoplasm. 

In  from  six  to  ten  days  these  local  areas  of  epithelioid  cells  become 
surrounded  by  a  zone  of  small  round  cells  with  all  the  characteristics 
of  lymphocytes  (Plate  69,  Fig.  1),  and  constitute  the  tubercle  follicle. 
The  lymphoid  cells  are  derived  partly  from  the  local  fixed  cells  by 
proliferation,  but  many  of  them  migrate  to  the  focus  from  the  lymph- 
and  the  blood-vessels,  the  peripheral  blood  at  this  stage  sliowing  a 
distinct  lymphocytosis. 

Transitions  between  these  lymphoid  cells  and  the  epithelioid  cells 
can  be  made  out,  and  it  is  possible  that  those  lymphoid  cells  which 
are  derived  from  the  fixed  connective-tissue  cells  may  be  capable  of 
becoming  epithelioid  cells,  though  on  this  point  there  is  some  doubt. 

The  relative  numbers  of  epithelioid  and  lymphoid  cells  vary  con- 
siderably in  different  cases,  and  also  in  different  areas  in  the  same 
case,  and  this  variation  does  not  appear  to  be  due  to  the  age  of  the 
nodule.  Some  early  nodules  may  show  only  epithelioid  cells,  whilst 
in  others  the  lymphoid  cells  may  be  very  numerous  and  may  par- 
tially obscure  the  epithelioid  elements. 

In  from  eleven  to  fifteen  days  after  the  inoculation  the  central 
parts  of  the  nodules  undergo  caseation.  The  outlines  of  the  central 
cells  become  indefinite  (Plate  69,  Fig.  2),  the  cells  seem  to  coalesce,  and 
the  nuclei  lose  their  staining  reactions.  Thus  is  produced  a  central, 
granular,  or  structureless  area,  surrounded  by  a  more  or  less  definite 
zone  of  lymphoid  cells.  With  the  increase  in  size  of  the  nodules  the 
area  of  caseation  becomes  more  marked.  Separate  foci  coalesce,  and 
thus  large  caseous  nodules  are  produced. 

In  certain  of  these  nodules,  especially  in  those  slowly  produced, 
characteristic  giant  cells  are  observed  (Plate  70,  Fig.  1).  These  are 
irregular  masses  of  cytoplasm,  having  a  granular  appearance,  due  to 
caseation,  and  containing  numerous  nuclei,  either  arranged  at  the 
periphery  or  more  irregularly  scattered  in  the  body  of  the  cell.  Various 
views  have  been  put  forward  as  to  the  origin  of  these  cells,  but  all 
recent  work  seems  to  indicate  that  they  are  formed  eitlier  by  a  fusion 
of  the  epithelioid  cells  or  by  a  multiplication  of  the  nuclei  of  these  cells 
without  a  corresponding  division  of  the  cytoplasm.  In  the  central 
caseous  part  of  the  nodules  and  in  the  giant  cells  the  B.  tuberculosis 
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may  generally  be  found,  the  caseation  being  largely  due  to  tlie  local 
action  on  the  tissues  of  the  products  of  the  bacillary  activity.  During 
the  process  of  the  formation  of  the  tubercle  follicles  the  endothelium  of 
the  vessels  at  the  focus  becomes  swollen  and  undergoes  degenerative 
changes,  and  as  a  result  occlusion  of  the  vessels  is  brought  about.  Thus 
the  nodules  are  non-vascular,  and  this  absence  of  vessels  is  no  doubt 
one  of  the  causes  of  the  central  degenerative  changes. 

The  caseous  parts  may  undergo  softening  and  liquefaction,  and 
thus  irregular  cavities  or  ulcers  may  be  produced. 

In  chronic  cases  an  overgrowth  of  fibrous  tissue  (Plate  70, 
Fig.  2)  takes  place.  Tliis  may  occur  especially  at  the  periphery  of  the 
nodule,  and  thus  the  caseous  area  may  become  enclosed  in  a  fibrous 
capsule.  Commonly,  however,  the  fibrous  tissue  extends  inwards 
towards  the  centre  of  the  nodule,  and  processes  may  be  found  in  direct 
communication  with  the  periphery  of  the  giant  cells,  or  it  may  also 
extend  at  the  periphery  and  invade  the  surrounding  tissue.  In  this 
way  the  B.  tuberculosis  may  be  completely  shut  in,  and  with  the  over- 
growth of  fibrous  tissue  a  complete  healing  of  the  nodule  be  effected. 
It  is  usual,  however,  to  find  a  certain  amount  of  caseous  or  calcareous 
material  towards  the  centre  of  even  extremely  dense  fibrous  scars 
which  have  originated  as  a  result  of  infection  with  the  B.  tuberculosis, 
and,  microscopically,  giant  cells  are  frequently  seen. 

Naked-eye  appearances  of  tubercle. — The  nodules  are 
at  first  small,  rounded,  or  irregular  in  shape,  translucent  or  grey  in 
colour,  and  firm  in  consistence.  These  "  grey  granulations  "  may  be 
few  in  number  or  may  be  widely  scattered  and  extremely  numerous — 
miliar u  tuberculosis.  They  gradually  increase  in  size,  separate  nodules 
coalesce,  and  thus  larger  caseous  areas  are  produced.  The  nodules 
are  commonly  surrounded  by  a  zone  of  hypersemia,  and  there  may  be 
distinct  inflammatory  reaction.  It  is  not  uncommon  in  tuberculosis 
of  serous  membranes  to  find  the  nodules  embedded  in  a  thin  layer  of 
lymph,  and  the  cavity  lined  by  the  membrane  may  contain  an  excess 
of  turbid  fluid.  In  some  situations  the  nodule  may  be  surrounded  by 
a  definite  zone  of  granulation  tissue. 

In  certain  cases,  instead  of  forming  discrete  nodules,  the  tuber- 
culous process  is  seen  as  a  general  infiltration  from  one  focus.  Thus, 
extensive  infiltration  of  the  testicle  may  be  the  result  of  a  local  spread 
from  a  primary  centre  in  the  epididymis  ;  or,  again,  localized  tuber- 
culous masses  in  the  brain,  and  especially  in  the  cerebellum,  generally 
arise  in  this  way. 

As  these  masses  increase  in  size  they  undergo  degenerative  changes, 
especially  of  the  nature  of  caseation,  and  they  assume  a  yellowish- 
white  colour.  These  "  yellow  tubercles "  may  form  nodules  from 
one  to  two  inches  in  diameter,  which  may  become  encapsuled  by 
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•dense  fibrous  tissue,  may  undergo  softening  or  liquefaction,  or  may 
become  calcified.  Softening  and  breaking  down  are  especially  seen 
in  infections  of  the  skin,  testicle,  kidney,  and  synovial  membranes, 
and  are  also  common  in  the  lymphatic  glandular  infections,  whereas 
calcification  and  fibrosis  are  more  common  in  lymphatic  glands  than 
in  other  situations. 

Tuberculous  abscess. — This  form  of  chronic  abscess  is  due  to 
a  breaking-down  of  tuberculous  caseous  material  into  a  thick  creamy 
fluid,  but  is  always  accompanied  by  more  or  less  inflammation  of  the 
surrounding  parts.  The  wall  of  the  abscess  may  be  lined  by  caseous 
material,  or  it  may  be  made  up  of  condensed  fibrous  tissue.  This 
subject  is  dealt  with  more  fully  elsewhere  in  this  work. 

BIBLIOGRAPHY 

Cobbett,  Louis,  "  The  Portals  of  Entry  of  the  Tubercle  Bacilli  which  cause  Phthisis," 
Journ.  of  Path,  and  Bact..  1910,  vol.  xiv..  No.  4.  (This  paper  gives  all  the 
important  references  on  this  subject.) 

"Miller,  James,  "  The  Histogenesis  of  the  Tubercle,"  Journ.  of  Path,  and  Bad., 
Nov.,  1904.    (A  very  complete  bibliography  will  be  found  in  this  paper.) 

Park  and  Krumwiede,  "The  Relative  Importance  of  the  Bovine  and  Human  Types 
of  Tubercle  Bacilli  in  the  Dilferent  Forms  of  Human  Tuberculosis,"  Stvdies 
from  the  Research  Laboratory,  Department  of  Health,  City  of  New  York,  vol.  v., 
1910. 

Itcport  of  Roxjal  Commissio)i  on  Human  and  Animal  Tuberculosis.    1904  to  1911. 


ACQUIRED  SYPHILIS 


By  colonel  F.  J.  LAMBKIN,  R.A.M.C. 

Microbiology. — In  1905  the  presence  in  syphilitic  secretions  and 
lesions  of  a,  new  organism,  the  Spirochcete  pallida  {Treponema  palliduDi), 
was  demonstrated  by  Schaudinn  and  eventually  confirmed  by  Metch- 
nikof!,  Levaditi,  and  other  bacteriologists.  S.  pallida  was  first  seen  by 
iSchaudinn  in  some  papules  round  the  vulva  of  a  woman  who  was 
suffering  from  a  hard  chancre  in  the  same  region. 

From  furtlier  research  Schaudinn  was  able  to  show  that  in  tlie 
■genital  organs  two  varieties  of  spirilla -like  organisms  are  to  be  found. 
One  of  these  may  be  seen  in  non-syphilitic  as  well  as  in  syphilitic 
cases,  whereas  the  other  is  only  present  in  definitely  syphilitic  lesions. 
The  former,  Spirochcete  refrmgens,  is  larger  than  the  *S'.  pallida,  and 
its  spiral  turns  are  fewer  and  mucli  better  marked  ;  it  is  easily  stained 
by  any  method,  especially  by  Giemsa's,  while  *S'.  pallida  stains  with 
much  difficulty.  Schaudinn  and  Hoffmann  were  able  to  prove  that 
jS.  pallida  is  to  be  found  only  in  sypliilitic  affections  ;  further,  that  it 
is  to  be  met  witli  not  only  on  the  surface  of  syphilitic  primary  papules 
and  cliancres,  but  also  in  the  deep  tissues  of  the  enlarged  syphilitic 
glands.  At  first  this  organism  was  detected  only  in  primary  and 
secondary  lesions  of  the  genital  organs  ;  but  with  improved  technique 
it  was  soon  demonstrated  in  secondary  lesions  far  removed  from 
these  organs — i.e.  in  tlie  blood,  lymph,  lymphatic  vessels  and 
glands  ;  also  in  the  saliva  and  urine  of  syphilitic  patients  ;  and, 
finally,  it  was  found  by  Spitza  in  gummata,  and  also  by  Schaudinn 
in  the  peripheral  laver  of  a  gumma  of  the  liver  of  a  svphilitic 
<'hild. 

In  the  vascular  system  Renter  found  these  organisms  in  sections 
of  the  aorta  of  an  old  syphilitic  who  had  dropped  dead.  This  obser- 
vation was  confirmed  by  Schaudinn,  and  it  soon  became  an  established 
lact  that  the  specific  organism  is  present  in  the  primary,  secondary, 
and  tertiary  lesions  of  sypliilis. 

As  regards  hereditary  syphilis,  the  organisms  were  found  in 
almost  all  the  tissues  of  new-born  children  affected  with  the  disease, 
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especially  in  the  liver,  and  in  certaia  parts  of  the  skeleton,  i.e.  the 
periosteum,  bones,  etc. 

The  specific  character  of  S.  pallida  has  been  established  by  the 
following  facts  : — 

1.  It  has  been  found  in  the  blood  of  syphilitics. 

2.  It  has  been  found  in  the  blood  and  viscera  of  syphilitic  infants. 

3.  MetchnikofE  and  Roux  found  it  in  lesions  in  monkeys  caused 
by  inoculation  from  syphilitic  men  and  monkeys. 

4.  It  is  found  only  in  syphilitic  lesions. 

The  success  of  Metchnikoff  and  Roux  in  establishing,  in  1903,  the 
communicability  of  the  disease  from  men  to  animals  marks  a  step 
almost  equal  in  importance  to  the  discovery  of  the  *S'.  pallida.  They 
succeeded  by  inoculation  in  producing  in  a  chimpanzee  a  primary 
syphilitic  chancre,  followed  by  secondary  symptoms.  This  experi- 
ment they  frequently  successfully  repeated  in  the  chimpanzee,  but 
attempts  to  infect  the  lower  monkeys  showed  that  these  animals, 
are  more  resistant  to  syphilis  the  farther  they  are  removed  from 
the  anthropoids.  In  the  macaque  and  papion  monkeys,  for  instance, 
syphilis  is  limited  to  a  modified  chancre,  represented  by  an  cedemat- 
ous  nodule,  which  is  followed  by  desquamation.  This  is  associated 
with  slight  induration  and  adenitis,  but  ulceration  is  absent.  By 
inoculation  from  the  macacus  to  the  chimpanzee,  Roux  and  Metchnikoff 
established  the  identity  of  the  mitigated  macacus  lesion  with  syphilis. 
These  researches  led  to  various  attempts  to  prepare  an  antisyphilitic 
serum,  but  up  to  date  such  attempts  have  failed. 

Examination  for  S.  pallida. — In  my  experience,  it  is  easier 
to  demonstrate  the  organism  in  hereditary  lesions  than  in  those  of 
acquired  syphilis  ;  and  in  early  secondary  rashes  and  mucous  lesions 
than  in  the  chancre.  The  spirochfetes  are  more  abundant  in  the 
deeper  part  than  near  the  surface.  Levaditi  states  that,  although 
present  in  the  blood-vessels,  S.  follida  is  rarely  found  in  the  blood 
itself.  Hence  it  is  believed  that  the  blood  simply  acts  as  a  conveying 
medium,  not  as  a  site  for  development  and  multiplication. 

Search  for  the  8.  pallida  has  been  greatly  facilitated  by  the  use 
of  the  dark  background.  The  material  should,  when  possible,  be 
taken  from  the  deeper  parts  of  the  lesion,  spread  on  a  cover-glass,, 
moistened  with  normal  alkaline  solution,  and  examined  under  xV-inch 
immersion  lens  on  a  dark  background.  In  the  absence  of  a  dark- 
background  apparatus,  the  spirocha5te  may  be  well  seen  in  a  smear 
of  Indian  ink  (Plate  71,  Fig.  1).  In  Levaditi's  method  (Plate  71, 
Fig.  2)  the  spirochsete  is  stained  black  with  silver  nitrate  reduced  by 
pyrogallic  acid.  S.  pallida  is  a  very  delicate,  motile,  spiral  organism, 
varying  in  length  from  4  to  15  fx,,  and  01  to  0-2  fju  in  thickness.  It 
especially  inhabits  the  deeper  parts  of  lesions,  whereas  8.  refringens 


Fig.  1.— SpirochiBte  pallida  (indian-ink  method).    X  2,000. 


Fig.  2.— Spirochete  pallida  in  tissue  (Levacliti's  method). 
X  2.000. 


(From  slides  hy  J.  E.  R.  .^[cDonagh.) 

Plate  71. 


Double  chancre.     [McGavin's  case.) 


PLATE  7?. 
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is  generally  found  on  the  surface.  S.  pallida,  besides  being  smaller, 
less  refractive,  and  harder  to  stain,  has  more  numerous  spiral  turns, 
which  it  retains  both  in  motion  and  at  rest.  It  stams  pink  with 
Giemsa's  stain,  whilst  the  other  spirochsete  takes  a  blue  colour. 

Pathology.  —  All  syphilitic  lesions  are  primarily  masses  of 
granulation  tissue  or  inflammatory  neoplasms.  In  the  primary  and 
■secondary  lesions  the  new  tissue  is  extremely  cellular,  and  is  made  up 
of  masses  of  embryonic  cells,  which  have  the  capacity  of  being  trans- 
formed into  fibrous  tissue  ;  and  in  the  tertiary  lesions  this  transforma- 
tion actually  takes  place.  In  the  primary  chancre  and  in  most  of 
the  secondary  affections  the  cells  undergo  absorption,  and  there  may 
remain  practically  no  trace  of  the  original  focal  lesion.  In  tlie  tertiary 
stage  of  the  disease  definite  nodules  or  gummata  are  formed.  These  are 
usually  yellowish,  homogeneous  masses  which  are  surrounded  by  more 
or  less  fibrous  tissue.  On  microscopical  examination  these  gummata 
are  seen  to  be  caseous  and  structureless,  except  at  the  periphery,  where 
the  cellular  character  is  usually  still  present,  though  many  of  the  cells 
have  been  transformed  to  fibroblasts  and  to  definite  fibrous  tissue. 
Oiant  cells  resembling  those  seen  in  tuberculous  lesions  are  frequently 
present  at  the  periphery  of  the  caseous  area.  The  caseation  is  due  partly 
to  the  obliteration  of  the  vessels,  which  is  brought  about  by  a  definite 
endarteritis,  and  partly  to  the  action  of  the  syphilitic  poison  on  the 
cells.  The  nature  of  this  poison  is  unknown,  but  since  it  has  been 
definitely  established  that  the  Spirochcete  pallida  is  present  in  all  the 
lesions,  there  seems  no  ground  for  doubting  that  it  is  produced  b}' 
this  organism,  and  is  probably  allied  to  that  produced  by  the  Bacillus 
tuberculosis  and  other  bacteria. 

From  what  has  been  said,  it  will  be  seen  that  the  chief  changes 
caused  by  syphilis  are  endarteritis,  witli,  usually,  an  associated  peri- 
arteritis, leading  to  obliteration  of  the  vessels ;  infiltration  of  the 
tissues  with  inflammatory  cells,  caseation  of  the  parenchymatous 
cells  due  to  the  direct  action  of  the  toxin,  and  transformation  of 
the  inflammatory  cells  to  new  fibrous  tissue.  This  new  fibrous  forma- 
tion may  be  localized  to  the  periphery  of  gummata,  but  it  is  com- 
monly very  widely  distributed,  as  for  example  in  congenital  s}']^)hilitic 
cirrhosis  or  in  s}'philitic  interstitial  pulmonary  fibrosis. 

In  its  early  stage  the  primary  sore  appears  as  a  small  superficial 
erosion,  circular  in  form,  and  dark-red  or  sometimes  greyish  in  colour. 
The  edges  may  feel  slightly  indurated,  but  not  uncommonly  this 
induration  is  very  indefinite,  and  the  borders  of  the  erosion  cannot 
be  clearly  defined.  There  is  usually  a  thin,  sanious  discharge  from 
the  eroded  surface. 

Between  the  fifth  and  the  tenth  day  the  edges  become  more  definite 
and  the  induration  very  marked.    On  microscopical  examination,  this 
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induration  is  found  to  be  due  to  an  infiltration  of  the  edges  of  the 
erosion  with  lymphoid  cells  and  to  a  proliferation  of  the  connective- 
tissue  cells  of  the  neighbourhood.  Proliferated  epithelial  cells,  prob- 
ably from  the  blood-  or  lymphatic  vessels  or  spaces,  and  giant 
cells  may  also  be  present ;  and  the  small  arterioles  may  show 
periarteritis  and  endarteritis. 

The  induration  around  the  original  erosion  continues,  and  may 
gradually  increase  in  degree,  until  about  the  twenty-fifth  day,  after 
which  the  newly  formed  tissue  becomes  absorbed,  and  in  about  two 
months  there  may  be  merely  a  slight  scar  representing  the  chancre. 

The  degree  of  induration  has  been  regarded  as  an  important  factor 
in  prognosis — the  more  marked  the  induration  the  less  favourable 
the  prognosis.  This  is  not  borne  out  in  my  experience  ;  many  of 
the  cases  with  marked  induration  have  cleared  up  quite  easily. 
The  persistence  of  the  induration  in  spite  of  treatment  does,  how- 
ever, appear  to  indicate  that  the  attack  has  been  a  severe  one. 

CLINICAL  COURSE  OF  SYPHILIS 

The  clinical  course  of  the  disease  is  divisible  into  six  stages  : — 
I.  The   stage  of   primary  incubation,  between  exposure  to 

infection  and  the  appearance  of  the  chancre. 
II.  The  primary  stage,  during  which   the  chancre  develops 
and  glands  enlarge. 

III.  The  seco7idary  incubation  stage,  between  the  appearance 

of  the  chancre  and  that  of  secondary  symptoms. 

IV.  The  secondary  stage,  the  period  of  fever,  neuralgic  pains, 

and  skin  manifestations. 
V.  The  intermediate  stage,  during  which  the  patient  may  be 
practically  free  from  any  signs. 
VI.  The  tertiary  stage,  which  is  characterized  by  the  develop- 
ment of  gummata,  periostitis,  osteitis,  etc. 

THE  PRIMARY  INCUBATION  PERIOD 

This  lasts  about  twenty-five  to  thirty  days  after  exposure,  though 
it  may  be  said  that  a  sore  commencing  after  ten  days  from  the  date 
of  possible  infection  is  probably  syphilitic. 

THE  INITIAL  LESION 

The  first  obvious  lesion  is  the  chancre,  which  makes  its 
appearance  at  the  site  of  inoculation.  It  is  usually  single,  but  may 
be  multiple  (Plate  72,  and  Plate  73,  Pig.  1),  as  many  as  six,  seven, 
or  more  initial  sores  being  sometimes  seen. 

The  chancre  begins  as  a  small,  sharply  rounded,  excoriated  erosion, 
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the  surface  of  which  is  on  a  level  with  the  surrounding  parts  and 
the  colour  a  dull  red,  later  often  assuming  a  coppery  hue.  At  first 
there  may  be  little  or  no  disturbance,  the  j^atient's  attention  being 
attracted  merely  by  some  itching.  After  five  or  six  days,  during 
which  the  ulcer  shows  no  special  characteristics,  the  typical  indura- 
tion becomes  perceptible  round  the  edges  and  increases  in  degree 
for  two  or  three  weeks.  Stress  must  be  laid  on  the  absence  of  marked 
induration  during  the  first  ten  days  or  so,  for  failure  to  recognize 
this  fact  has  led  to  innumerable  mistakes  in  diagnosis.  This  pecu- 
liarly circumscribed  hardening  of  the  tissues  around  and  beneath 
the  sore  occurs  without  inflammatory  signs,  and  remains  some- 
times for  weeks  or  months  after  the  chancre  has  healed.  In  the 
immediate  neighbourhood  of  the  chancre  there  is  formed  a  small- 
celled  infiltration  and  hyperplasia  of  the  connective-tissue  cells,, 
supported  by  thickened  blood-vessels,  some  of  which  are  entirely 
obliterated. 

Varieties  of  chancre.— 1.  The  chancrous  erosion  is  by 

far  the  most  common  form,  especially  when  the  primary  lesion  is 
on  the  inner  side  of  the  prepuce.  Its  shape  is  generally  circular 
or  ovoid,  but  may  be  irregular  ;  its  floor  is  but  slightly,  if  at  all, 
excavated  ;  and  its  surface  is  smooth  and  polished,  and  exudes  a 
serous  secretion.  Usually  single,  on  occasion  several  such  lesions 
may  be  present.  Owing  to  the  absence  of  induration  in  the  first 
stage  of  this  variety  of  chancre,  early  diagnosis  from  herpes  may 
be  difficult,  but  may  be  facilitated  by  the  absence  of  marked 
itching  and  burning,  by  the  dark-red  colour  and  the  chronicity,  and 
by  the  late  appearance  after  exposure  to  infection. 

This  form  of  chancre  may  develop  into  some  of  the  other  varieties. 

2.  "  Parchment-like  "  chancre  is  formed  when  the  sore  remains 
superficial  and  the  induration  is  spread  out  in  a  disc-like  manner. 
It  is  mostly  found  on  the  integument  of  the  penis  and  in  the  vulva. 

3.  Specially  indurated  chancres  are  generally  found  in  the 
sulcus  coronarius,  near  the  fra^num. 

4.  The  dry  papule  is  found  mostly  on  the  integument  of  the 
penis  at  the  base  or  pubic  part.  As  a  rule,  it  is  a  solitary,  hard,  dry 
papule,  and  is  very  characteristic  of  the  true  chancre. 

5.  The  ecythmatous  chancre  may  be  developed  from  either  a 
dry  papiile  or  a  chancrous  erosion,  and  is  simply  an  irritated,  ulcerated 
chancre  covered  with  pus  crusts. 

6.  An  annular  chancre  is  a  sore  in  which  the  induration  assumes 
a,n  annular  shape,  and  in  which  the  centre  is  less  thickened  and 
infiltrated.  This  form  is  found  generally  on  the  internal  surface 
of  the  prepuce,  sometimes  on  the  glans,  and  very  often  on  the  cuta- 
neous surface  of  the  penis. 
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7.  The  silvery  spot,  first  described  by  Taylor,  is  a  rare  con- 
dition. Its  site  is  generally  on  the  glans,  especially  near  the  meatus. 
At  first  it  looks  like  a  pin-head  spot  which  had  been  touched  with 
carbolic  acid.  It  slowly  increases,  and  is  subsequently  raised  well 
above  the  surface  by  underlying  indurated  tissue.  The  integrity 
of  its  surface  is  maintained  until  it  reaches  an  area  of  a  line,  when 
it  is  replaced  by  a  shiny  surface  on  an  indurated  base. 

8.  The  inflamed  chancre     .        .        .  \   Possess  the  charac- 

9.  The  phagedaenic  chancre       .        .   l      teristics  implied 

10.  The  relapsing  chancre  (true  or  false)  J       in  their  names. 

11.  The  mixed  chancre.  It  is  possible  for  a  simple  chancre 
and  a  syphilitic  chancre  to  co-exist ;  either  may  be  inoculated  on 
the  other.  If  the  virus  of  syphilis  be  inoculated  at  the  same  time 
and  on  the  same  site  as  that  of  simple  chancre,  a  hard  sore  will 
eventually  develop  at  the  point  formerly  occupied  by  the  soft  sore. 
On  the  other  hand,  a  soft  sore  may  be  engrafted  on  the  top  of  a 
syphilitic  chancre,  with  the  result  that  an  ulcerating  sore  on  an 
indurated  base  is  developed. 

Recurring  or  relapsing  chancre  (chancre  redux). — 
1.  False  relapsing  chancre  is  a  fresh  induration  appearing  at 
or  perhaps  near  the  site  of  an  old  sore,  without  apparent  cause,  and 
at  any  period  from  a  few  weeks  to  ten  or  twelve  years  after  the  heal- 
ing of  the  original  chancre.  Its  surface  often  remains  intact,  but 
may  ulcerate  and  then  simulate  a  disintegrating  gumma. 

2.  True  relapsing  chancre. — After  having  entirely  disappeared 
under  treatment,  the  induration  of  a  primary  sore  may  reappear, 
the  surface  become  broken,  and  the  chancre  assume  its  original  con- 
dition, but  again  heal  on  resumption  of  the  specific  treatment.  The 
writer  believes  that  this  recurrence  is  due  to  premature  cessation 
of  specific  treatment. 

SITES  OF  CHANCRE 

A.— GENITAL  CHANCRES 

Two-thirds  of  all  chancres  are  found  on  the  "  mucous  membrane  " 
of  the  prepuce  just  behind  the  corona,  or  on  the  surface  of  the  glans 
penis  ;  but  they  are  also  found  at  the  urinary  meatus,  within  the 
urethra,  at  the  base  of  the  penis,  on  the  scrotum,  and  in  the  neigh- 
bourhood of  the  groin  or  the  anus. 

The  characters  of  the  chancre  vary  somewhat  with  the  site. 
Thus,  sores  on  the  glans  penis  are  usually  flat  at  first,  and 
later  become  depressed  and  surrounded  by  laminated  induration. 
Chancres  of  the  corona  show  a  tendency  to  elevation  above  the 
surface,   and  well-marked,   extensive  and  nodular  induration.  In 
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chancres  of  the  urinary  meatus  either  one,  or,  more  usually, 
both  lips  of  the  meatus  may  be  involved  ;  tlie  mucous  membrane 
is  thickened,  and  the  lips  are  glued  together  by  a  scanty  viscid  dis- 
charge. Induration,  although  limited,  is  always  well  marked.  Such 
chancres  may  be  mistaken  for  gonorrhoeal  ulceration  :  a  correct 
diagnosis  is  rendered  still  more  difficult  when  gonorrhoea  co-exists. 

Chancres  of  the  urethra,  o^ving  to  their  concealment  from 
view  and  the  small  amount  of  disturbance  they  occasion,  are  liable 
to  be  mistaken  for  gonorrhoea  imtil  the  disease  is  well  developed. 
They  are  usually  met  with  just  within  the  meatus  or  in  the  fossa 
navicularis,  but  may  occur  lower  down  the  canal.  There  is  pain  on 
micturition  ;  slight,  thin,  yellow  discharge  ;  and  a  sensation  of  cir- 
cumscribed hardness  on  palpation  of  the  course  of  the  urethra.  The 
lesion  can  best  be  detected  with  certainty  by  internal  manipulations 
or  by  the  urethroscope. 

Chancre  of  the  skin  at  the  base  of  penis  apjjears  as  an  abrasion 
which  extends  in  size  by  slow  erosion,  until  it  becomes  a  circular, 
flat,  or  depressed  sore  of  about  the  size  of  a  sixpence  or,  in  some 
cases,  a  shilling.  The  edges  are  hard,  laminated  induration  being 
especially  well  marked  in  chancres  in  this  situation.  The  surface, 
though  it  erodes,  rarely  ulcerates  to  any  extent ;  it  is  covered  with 
a  whitish-yellow  false  membrane,  the  removal  of  which  exposes  a 
weeping  exudate. 

Preputial  chancres  are  generally  ragged,  and  give  the  end 
of  the  foreskin  the  appearance  of  having  been  split.  The  splits  at 
first  look  like  scratches,  with  indurated  and  generally  inflamed  edges. 
The  preputial  tissue  is  usually  thickened. 

Subpreputial  (or  concealed)  chancres. — A  chancre  may  be 
invisible  owing  to  the  existence  of  phimosis,  which  may  be  congenital 
or  may  be  acquired,  and  due  to  the  disease  concealed  under  the  prepuce. 
There  will  then  be  a  thin,  yellowish  discharge  on  gentle  expression, 
but  little  or  no  pain  on  micturition  or  other  sign  of  gonorrhoea.  An 
indurated  sore  beneath  the  foreskin  can  generally  be  felt  on  manipula- 
tion with  the  fingers.  In  any  case,  however,  the  surgeon  should  take 
immediate  measures  to  expose  the  lesion. 

Chancre  of  the  scrotum  commences  as  a  circumscribed  erythe- 
matous patch,  the  skin  of  which  soon  desquamates,  leaving  little 
fissures  exuding  a  clear  serum.  The  cracks  miite  by  erosion,  and  a 
shallow  circular  ulcer,  on  a  hard  base  and  with  well-marked  indurated 
edges,  remains.  In  other  cases  the  surface  is  covered  with  brownish 
crusts  of  dried  epithelium,  which  repeatedly  re-forms  on  removal. 
In  yet  others  the  chancre  takes  the  form  of  a  tubercle. 

Chancre  of  the  anus. — («)  When  at  the  margin  of  the  anus, 
the  chancre  generally  presents  a  thickened,  fissured,  and  ulcerated 
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surface,  of  a  rose-red  ratlier  than  a  deep-red  tint,  and  a  medium 
degree  of  induration  at  the  base.  Sometimes,  however,  these  chancres 
assume  the  form  of  fissures,  Avith  pale,  smooth  margins,  pale-red 
surfaces,  and  resistant  bases. 

(b)  When  situated  ivitliin  the  anus  the  chancre,  under  speculum 
examination,  looks  like  a  deep  erosion  or  ulceration,  with  more  or 
less  smooth  surface.    Induration  of  its  base  may  exist. 

Chancre  of  groin. — This  chancre  may  occur  a  priori  from  direct 
inoculation — in  which  case  it  will  appear  like  an  indurated  chancre  of 
the  general  integument — or  as  a  contagion  secondary  to  an  open  bubo. 
Should  an  open  bubo  become  infected  with  syphilitic  virus,  the  chancre 
will  generally  attack  one  or  both  lips  of  the  wound.  The  latter  remains 
gaping,  and  a  sore  or  nodule  appears  on  one  of  the  lips.  This  slowly 
enlarges  until  an  ulcer  is  formed,  which  soon  becomes  planted  on  a 
well-marked,  indurated  base. 

Auto-inoculation. — It  was  formerly  believed  that  the  chancre 
was  never  auto-inoculable.  It  is  now  an  established  fact  that  during 
at  least  the  first  fortnight  of  its  existence  it  is  auto-inoculable — 
that  is,  capable  of  reproducing  a  like  lesion  if  inoculated  in  some 
other  part  of  the  body.  Mercurialization  of  the  patient  renders 
this  impossible. 

Complications  of  chancre. — 1.  A  chancre  may  be  the  seat 
of  either  simple  or  septic  inflammation,  the  former  generally 
induced  by  the  employment  of  caustics  or  other  strong  applications, 
the  latter  by  absorption  of  micro-organisms.  The  chancre  becomes 
red  and  painful,  and  neighbouring  glands  may  inflame  and  suppurate. 

2.  Phagedaena  may  be  caused  by  severe  inflammation  of  a 
chancre,  the  engorgement  being  sufficient  to  cause  gangrene.  Among 
the  factors  which  influence  the  onset  of  phagedsena  are  :  (a)  indi- 
vidual predisposition  on  the  part  of  the  patient ;  (b)  any  cause  of 
lowered  vitality,  such  as  alcoholism,  malaria,  or  starvation  ;  (c)  infec- 
tion from  an  individual  of  different  race  ;  (d)  change  of  residence 
from  a  temperate  to  a  hot  climate.  It  may  attack  any  chancre  at 
any  period.  It  is  generally  limited  to  the  indurated  mass,  but  may 
spread  beyond  it  into  adjoining  tissues,  such  as  the  scrotum.  When 
it  attacks  the  urethra  it  may  cause  hsemorrhage,  perforation,  and 
stricture  of  the  canal. 

3.  Chancroid  inflammation. — The  chancroid  virus  may  be 
implanted  simultaneously  with  or  later  than  the  syphilitic.  In 
either  case  the  character  of  the  syphilitic  chancre  will  be  modified 
in  appearance.  Sometimes  the  chancroid  heals  up  before  the  syphilitic 
virus  takes  effect,  but  as  a  rule  it  persists,  the  spreading,  inflamed, 
punched-out-looking  ulcer  becoming  gradually  enveloped  in  indura- 
tion as  the  full  local  development  of  the  syphilitic  lesion  is  reached. 
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Ulceration  of  a  chancroid  may  cause  slougliing  of  an  indurated 
mass,  leaving  no  local  indication  of  syphilis. 

A  sore  of  the  above  description  is  called  a  "  mixed  chancre.'' 
Primary  lymphatic  enlargements. — At  the  end  of  the  first 
or  second  week  after  the  appearance  of  the  chancre  the  lymphatic 
vessels  leading  from  it  may  be  felt  like  whipcord,  though  there  is  uo 
pain  or  obvious  inflammation.  At  the  same  time,  the  associated 
glands  in  the  vicinity  become  painlessly  enlarged  and  hard.  These 
enlargements  are  never  great,  hardly  ever  exceeding  the  size  of  a 
marble,  are  freely  movable,  and  scarcely  ever  suppurate.  Syphilitic 
chancres  are  rarely  unaccompanied  by  such  swellings,  but  at  the  same 
time  it  must  be  remembered  that  these  vessels  and  glands  are  liable 
to  enlarge  in  cases  of  chancroid,  herpes,  or  other  local  irritation. 
To  distinguish  between  the  two  conditions,  it  is  to  be  noted  that  the 
syphilitic  lymphangitis  is  painless  and  terminates  in  resolution  under 
specific  treatment ;  while  inflammatory  lymphangitis  is  hard,  painful, 
tender,  and  red,  the  overlying  sldn  is  cedematous,  suppuration  often 
ensues,  and  specific  treatment  has  no  effect. 

Diagnosis  of  chancre. — Evidence  on  the  following  points 
will  help  towards  a  correct  diagnosis  of  chancre  : — - 

1.  If  S.  fallida  be  found  in  the  secretion  from  the  sore,  a 
definite  diagnosis  of  syphilis  may  be  given. 

2.  The  incubation  period  between  the  exposvire  to  infection  and 
the  appearance  of  the  sore  should  be  between  ten  days  and  four 
weeks. 

3.  If  the  sore  begin  as  a  painless  macule  or  slight  erosion,  spread 
slowly,  become  indurated,  and  exude  a  thin,  scanty  discharge  from 
its  surface,  which  may  be  covered  with  crusts  or  false  membrane, 
syphilis  is  the  probable  diagnosis. 

4.  If  the  sore  be  followed  by  painless  enlargement  of  neighbour- 
ing lymphatic  glands,  so  as  to  form  a  chain  of  small  tumours  without 
obvious  inflammatory  signs,  the  probability  of  syphilis  is  much 
strengthened. 

5.  A  positive  reaction  to  AVassermann's  test  (p.  46)  will,  of  course, 
•  onfirm  this  conclusion. 

Difficulties  may  arise  owing  to  the  facts  that  the  date  of 
infection  may  be  uncertain,  the  induration  may  be  absent  or  very 
sliiiht  and  indefinite,  and  the  enlargement  of  neighbouring  glands 
may  be  absent. 

A  sore  appearing  later  than  ten  days  after  exposure,  followed 
by  induration  and  becoming  inflamed  and  ulcerated,  with  conse- 
quent destruction  of  the  induration,  is  probably  a  mixed  chancre. 
This  opinion  is  confirmed  by  the  lymphatic  glands  in  the  neighbour- 
hood becommg  slowly  enlarged. 
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The  differentiating  points  between  a  chancre  and  a  soft  sore,  apart 
from  the  presence  of  a  micro-organism,  are  the  following  : — 

1.  In  chancre  the  average  period  of  incubation  is  from  three  to 
four  weeks  ;  in  soft  sore  it  is  under  five  days. 

2.  Chancre  is  usually  single  ;   soft  sore,  usually  multiple. 

3.  Chancre  begins  as  an  erosion,  papule,  or  ulcer  ;  soft  sore,  as  a 
pustule  or  open  ulcer. 

4.  Chancre  is  symmetrically  irregular  in  shape,  with  sloping  edges  ; 
soft  sore,  round  to  oval,  with  sharply  defined  edges. 

5.  Chancre  is  a  superficial  erosion  ;  soft  sore  perforates  the  whole 
thiclaiess  of  the  skin  or  mucosa. 

6.  Chancre  has  a  red-copper-coloured  floor,  frequently  iridescent, 
and  sometimes  covered  with  pseudo-membrane  ;  soft  sore  has  a  whitish- 
grey  or  yellow  floor. 

7.  Chancre  secretes  a  scanty  sanious  serum  and  auto-inoculation 
seldom  takes  place  ;  soft  sore  has  an  abundant  and  purulent  secretion 
and  is  readily  auto-inoculable. 

8.  Chancre  is  usually  indurated,  and  the  induration  is  circum- 
scribed ;  soft  sore  is  seldom  indurated,  and  induration  when  present 
is  not  circumscribed. 

9.  In  chancre,  gland  enlargement  is  indolent,  non-inflammatory, 
and  painless,  and  when  the  sore  is  on  the  penis  the  glands  of  both 
groins  are  enlarged  miiformly ;  in  soft  sore  the  glands  are  inflamed 
and  painful,  suppuration  frequently  supervenes,  and  the  enlargement 
on  the  two  sides  is  not  uniform. 

10.  In  chancre,  local  treatment  is  ineffectual ;  in  soft  sore,  curative. 
Syphilis  and  yaws. — The  one  other  disease  in  which  it  was 

believed  that  the  S.  pallida  had  been  found  is  the  one  which  mostly 
resembles  syphilis,  namely,  yaws  (frambcesia,  paranghi).  The  points 
of  difference  between  them  are  : — 


Syphilis 

1.  Primary  lesion  present. 

2.  Induration  generally  marked. 

3.  Neighbouring  glands  enlarged  and 

nodular. 

4.  Auto-inoculable  up  to  a  certain 

time  only. 

5.  Apes  which  have  been  infected 

with  syphilis  are  unable  to 
transmit  it  to  tliose  already 
suffering  from  syphilis. 


Yaws 

1.  No  primary  lesion. 

2.  No  induration. 

3.  No  glandular  enlargement. 

4.  Always  auto-inoculable. 

5.  Apes  are  capable  of  being  infected 

by  inoculation  and  retrans- 
mitting yaws  to  other  apes 
and  to  those  suffering  from 
syphilis. 


Castellani  now  differentiates  between  the  S.  pallida  and  the 
organism  which  he  believes  to  be  the  cause  of  yaws,  and  which  he 
calls  *S'.  pertenuis. 


THE  PRIMARY  SORE 
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B.— EXTRAGENITAL  CHANCRES 

Chancres  may  be  situated  on  any  part  of  the  body,  but  are  gener- 
ally found  on  those  parts  most  liable  to  exposure  to  infection — e.g. 
mouth,  tongue,  lips,  and  fingers. 

Th"  mode  of  conveyance  ma)'  be  by  direct  contact  with  a 
syphilitic  lesion,  as  in  the  act  of  kissing,  or  by  mediate  contagion 
through  contaminated  spoons,  forks,  drinking  utensils,  pipes,  etc.,  or 
through  the  agency  of  infected  surgical  or  dental  instruments. 

The  diagnosis  of  extragenital  chancres  is  sometimes  rendered 
difficult  by  the  fact  that  the  characteristics  of  the  sore  vary  with 
the  locality  affected. 

Chancres  of  fingers  are  the  commonest  extragenital  chancres. 
Generally  found  at  the  edges  or  bases  of  the  nails,  they  are  usually 
eroded  and  often  ulcerated,  with  well-marked  and  extensive  indura- 
tion. Oftentimes  the  sore  develops  so  insidiously  and  looks  so  inno- 
cent that  it  is  apt  to  be  overlooked  till  secondary  symptoms  appear. 
On  the  other  hand,  it  may  develop  into  a  large,  hard,  fleshy  mass, 
purplish  in  colour,  and  with  exuberant  vegetations  on  its  soft  surface. 
One  type  of  sore  resembles  a  whitlow  :  the  terminal  phalanx  of  the 
finger  is  red,  swollen,  painful,  and  sensitive,  whilst  the  surrounding 
tissue  is  indurated.  These  chancres  are  remarkable  for  their  long 
duration  and  painful  character.  The  nail  nearly  always  separates 
from  the  finger,  and  often  the  bone  necroses.  The  axillary  and 
epitrochlear  glands  are  always  chronically  enlarged. 

Chancre  of  the  lip  (Plate  73,  Fig.  1)  begins  as  a  chap  or 
fissure.  At  first  not  characteristic,  in  time  it  becomes  an  indolent, 
<?levated  sore,  papule,  or  pustule,  with  smooth  surface  and  scanty 
glistening  discharge,  and  with  comparatively  early  and  marked  "  car- 
tilaginous "  induration.  Later  on,  the  submental  lymphatic  glands 
become  indolently  and  painlessly  enlarged.  Labial  chancre  may  be 
mistaken  for  epithelioma,  but  the  following  points,  in  addition  to  the 
presence  or  absence  of  the  spirochete,  serve  to  differentiate  them  : — 

L  Labial  chancre  may  occur  in  either  sex  and  at  any  age  ;  labial 
opitlielioma  is  chiefly  met  with  in  men,  and  about  middle  life. 

2.  The  u.sual  site  of  laljial  chancre  is  the  upper  lip  :  of  labial 
opithelioma,  the  lower  lip. 

3.  Labial  chancre  develops  in  a  few  weeks,  and  gland  enlargement 
ensues  in  about  two  weeks  ;  labial  epithelioma  develops  much  more 
slowly,  and  the  glands  are  aflected  at  a  much  later  period. 

4.  Labial  chancre  appears  as  a  painless  papule,  erosion,  or  ulcer 
with  regular  outline,  smooth  surface,  indurated  edges,  and  scanty 
and  thin  discharge  ;  labial  epithelioma  as  a  painful,  irregular,  ragged 
sore  which  bleeds  easily,  has  a  thick  and  oft'ensive  discharge,  and  is 
indurated  irregularly  if  at  all. 
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5.  Labial  cliancre  disappears  under  the  influence  of  mercury  ; 
-labial  epithelioma  is  imaffected  by  it. 

Chancre  of  the  tongue  usually  involves  the  anterior  half, 
either  on  the  dorsum,  sides,  or  tip,  and  may  appear — 

1.  As  a  superficial  erosion  seated  on  an  indurated  base. 

2.  As  a  deep  ulcer  with  sloping  edges  on  a  hard  base. 

3.  As  a  dense  sclerotic  mass  with  unbroken  surface. 
Chancre  of  the  tonsil  is  rare.    It  is  unilateral,  indurated, 

persistent,  and  accompanied  by  indolent  glandular  swellings  under 
and  at  the  margins  of  the  sterno-cleido-mastoid. 

Facial  chancre  may  occur  from  kissing,  spitting,  or  razor  cuts. 
The  cut,  after  healing,  reopens  and  becomes  covered  with  crusts  and 
surrounded  by  induration.  Erosion  and  ulceration  follow,  with  indo- 
lent swelling  of  the  submaxillary  and  parotid  lymphatic  glands. 

Chancre  of  the  eye  may  be  palpebral  or  conjunctival.  Con- 
tagion may  be  carried  by  fngers,  sputum,  or  contaminated  towels, 
etc.  Surgeons  may  become  infected  during  examination  of  the  throat 
and  mouth  of  a  syphilitic  patient.  An  ocixlar  chancre  usually  begins 
as  a  papule,  which  generally  becomes  indurated,  then  eroded,  and 
sometimes  ulcerated.  It  is  followed  by  enlargement  of  the  glands 
in  the  vicinity  of  the  ear  and  the  angle  of  jaw. 

Chancre  of  the  palpebral  margin  may  be  mistaken  for  a  sty. 
This  error  may  be  avoided  by  noting  the  development  of  induration 
and  of  the  glandular  swellings  so  characteristic  of  the  former. 

Conjunctival  chancre  may  be  found  on  the  palpebral  or  ocular 
conjunctiva,  but  more  often  on  the  former,  and  then  causes  eversion  of 
the  eyelid.  The  chancre  may  be  nodular,  round  or  oval,  or  a  simple 
hard  erosion,  and  is  accompanied  by  conjunctivitis  and  chemosis. 

Chancre  of  the  breast  is  usually  due  to  infection  from  a  syphi- 
litic infant,  nursed  by  a  healthy  woman.  It  appears  on  or  about  the 
nipple,  or  on  the  mammary  integument,  and  may  begin  as  a  painless 
fissure  or  erosion,  with  scanty  sanious  exudate.  It  finally  presents 
induration  and  associated  adenitis. 

Vaccination  chancre  is  now  much  rarer  than  in  the  days  of 
arm-to-arm  vaccination.  The  sore  may  appear  after  the  vaccination 
has  healed,  or  may  delay  its  healing ;  it  leads  to  the  production  of 
a  smooth,  painless,  indurated  ulcer  exuding  a  scanty  discharge. 
Later  the  anatomically  related  glands  become  enlarged  and  nodular. 
Should  the  vaccination  not  "take,''  a  characteristic  chancre  forms. 

Prognosis  of  chancre  in  generaL — From  the  local  point  of 
view  the  prognosis  is  always  favourable.  Generally  at  the  end  of  three 
or  four  weeks  the  chancre  cicatrizes,  and  the  induration  disappears, 
leaving  a  pigmented  scar,  which  ultimately  becomes  white.  The 
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healing  depends  very  much  on  the  constitutional  treatment,  but 
even  in  untreated  cases  it  will  often  ensue  spontaneously.  Ulcera- 
tion of  a  chancre  seldom  leaves  any  deformity  other  than  the  scar, 
owing  to  the  fact  that  the  destruction  of  tissue  is  at  the  expense  of 
the  infiltration  ;  but  deformity  will,  of  course,  result  from  phagedsena. 

Chancres  in  certain  positions  may  give  rise  to  grave  symptoms. 
For  instance,  lingual  or  tonsillar  sores  may  lead  to  difficulty  in  mas- 
tication and  swallowing,  ocular  lesions  to  severe  ophthalmia,  or 
urethral  cliancres  to  stricture. 

Relation  of  the  character  of  the  chancre  to  the 
subsequent  progress  of  the  disease. — What  relation,  if 
any,  exists  between  the  source  of  contagion  and  character  of  the 
chancre,  on  the  one  hand,  and  the  progress  of  the  disease,  on  the 
other  ?    The  following  deductions  appear  to  be  justified  : — 

1.  To  a  certain  extent  I  agree  with  the  view  that,  the  severity  of 
the  constitutional  disease  has  a  relation  to  the  character  of  the 
primary  chancre — e.g.  an  ulcerating  sore  is  more  often  the  prelude 
to  a  severer  form  of  eruption  than  is  an  ordinary  dry  papule. 

2.  I  also  agree  with  the  belief  that  the  more  marked  and  per- 
sistent the  induration  the  more  likely  are  sclerotic  lesions  to  follow. 

3.  A  short  primary  or  secondary  incubation  stage  denotes  the 
probability  of  a  severe  attack. 

4.  Hallopeau  maintains  that  chancres  situated  on  the  prepuce, 
or  vulva,  or  at  the  anus,  more  often  lead  to  severe  symptoms  than 
those  found  elsewhere.  In  my  experience,  the  worst  case  of  syphilis 
seen  followed  an  extragenital  chancre. 

5.  It  is  impossible  to  predict  the  form  of  chancre  that  Avill  result 
from  a  given  source  of  infection. 

Treatment  of  the  site  of  inoculation.— Metchnikoff,  as  the 
result  of  his  experiments  on  the  destructibility  of  the  syphilitic  poison, 
recommends  an  endeavour  to  prevent  infection  by  destroying  *S'. 
pallida  in  situ,  by  thoroughly  rubbing  into  the  point  of  inoculation 
an  ointment  composed  of  calomel  grm.  x,  lanoline  and  vaseline  grm. 
XXX.  The  success  of  many  well-controlled  experiments  on  monkeys, 
and  of  one  on  a  student  w'ho  submitted  to  inoculation,  satisfied 
Metchnikoff  that  adoption  of  this  measure  within  eighteen  hours  of 
inoculation  is  a  powerful  safeguard  against  infection. 

Local  treatment  of  the  chancre. — Efforts  to  abort  syphilis 
by  the  destruction  of  the  primary  lesion,  by  excision,  actual  cautery, 
or  chemical  agents,  have  failed  either  to  relieve  the  local  symp- 
toms or  to  prevent  systemic  infection.  Although  for  a  short  period 
the  virus  is  probably  local  in  its  distribution,  the  patient  rarely,  if 
ever,  submits  himself  to  treatment,  or  is  diagnosed,  early  enough  to 
ensure  that  the  poison  has  not  already  become  generalized.  Even 
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slight  hope  of  success  from  excision  can  only  be  entertained  in  the 
rare  cases  in  which  the  chancre  is  diagnosed  when  only  a  few  hours 
old,  before  the  development  of  induration  or  satellite  glands. 

No  stimulating  or  caustic  applications  should  be  made,  for  on 
the  one  hand,  they  may  transform  a  simple  sore  into  an  inflamma- 
tory nodule  resembling  a  hard  chancre,  and  so  confuse  the  diagnosis  ; 
or,  on  the  other  hand,  they  may  cause  troublesome  oedema  round 
an  incipient  chancre  without  any  counterbalancing  benefit. 

The  breach  of  surface  should  be  kept  scrupulously  clean  and 
covered  with  lint  or  absorbent  cotton,  moistened  with  sterile  water 
or  with  mercuric  perchloride  (1-2,000)  or  very  dilute  carbolic  lotion. 
Hydrogen  peroxide  (1  in  6  of  water)  is  a  good  application.  Or,  as  the 
chancre  increases  in  size,  it  may  be  dressed  with  black  or  yellow  wash. 
Powders  such  as  boric  acid,  aristol,  europhen,  dermatol,  or  iodoform 
may  be  of  great  benefit.  Of  these  the  best  is  iodoform,  provided  its 
disagreeable  odour  is  minimized  by  sparing  use  and  by  care  to  pre- 
vent spilling  on  the  clothing,  by  packing  on  cotton-wool  under 
the  prepuce.  Iodoform  is  only  of  value  when  the  surface  is 
unhealthy  and  necrotic,  and  should  be  discontinued  when  it  becomes 
clean. 

When  the  chancre  is  covered  with  a  false  membrane  or  shows  a 
tendency  to  destructive  ulceration,  a  caustic  effect  is  necessary,  and 
may  be  obtained  by  thorough  washing  with  soap  and  water,  and 
irrigation  with  -5  per  cent,  carbolic  lotion,  followed,  after  drying,  by 
cocainization.  A  still  better  method  is  to  sop  the  part  freely  with 
hydrogen  peroxide  (equal  parts  with  water),  or  with  perhydrol  ;  then 
to  cocainize,  dry,  and  apply  such  a  caustic  as  liquid  carbolic  acid  or 
strong  nitric  acid. 

Calomel  often  acts  promptly  and  efficiently  in  chancres  showings 
a  disposition  to  destruction,  and  is  always  a  useful  dry  dressing  in 
clean  but  indolent  sores.  As  the  indurated  chancre  is  probably  the 
site  of  multiplication  of  the  spirochete  and  the  focus  whence  it  spreads 
throughout  the  system,  it  is  important  to  bring  all  chancres  showing 
a  tendency  to  induration  under  rapid  specific  treatment.  The  sur- 
face having  been  washed  and  rendered  as  nearly  aseptic  as  possible, 
a  layer  of  lint,  well  smeared  with  ung.  hydrargyri,  Metchriikofi's  30 
per  cent,  calomel  ointment,  or  ung.  hydrargyri  oleatis  (5  per  cent.), 
should  be  applied  and  changed  two  or  three  times  a  day. 

As  a  rule,  ointments  otlier  than  mercurial  should  be  avoided, 
except  when  the  discharge  is  thick  and  sticky. 

Phagedsenic  chancres  require  special  treatment,  the  most  reli- 
able being  continual  immersion  in  hot  antiseptic  solutions.  Should 
the  phagedsenic  process  continue,  cauterization,  either  with  chemicals 
or  with  the  actual  cautery,  must  be  undertaken.    Of  the  cliemical 
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agents  the  best  is  crude  chromic  acid,  applied  to  the  thoroughly  dried 
sore  under  a  general  (or  a  local)  ansesthetic.  A  black  slough  forms, 
which,  after  removal  by  charcoal  poultices,  leaves  a  healthy  surface. 
Occasionally  a  second  application  is  required.  Nitric  instead  of 
■cln'omie  acid  may  he  iised. 

THE  PERIOD  OF  SECONDARY  INCUBATION 

The  period  between  the  appearance  of  the  chancre  and  the 
•development  of  secondary  symptoms  averages  from  forty  to  fifty 
clays,  during  which  the  chancre  may  have  healed  and  the  disease 
appear  to  be  quiescent.  During  this  time,  however,  the  virus  is 
becoming  disseminated  through  the  system.  The  period  is  shortened 
if  the  patient  be  in  undermined  health  or  if  the  infection  be  of  a 
malignant  type. 

SECONDARY  SYPHILIS 

Lymphadenitis. — Early  in  the  secondary  stage  the  virus  mani- 
fests itself  in  the  lymphatic  glands  other  than  those  anatomically 
-connected  with  the  primary  lesion.  Already  it  has  been  seen  that 
within  a  week  or  so  from  the  appearance  of  the  chancre  the  glands  and 
lymphatics  in  its  vicinity  become  enlarged  and  indurated  ;  l;)ut  these 
■changes  must  be  differentiated  from  those  now  nnder  consideration. 
The  cervical,  axillary,  and  inguinal  glands  especially  undergo  the 
•essential  hyperplastic  process  produced  by  the  virus.  The  other 
glands  most  frequently  affected  are  the  prevertebral,  lumbar,  iliac, 
and  femoral  groups.  Changes  in  the  deep  glands  are  now  recognised 
as  a  constant  accompaniment  of  secondary  and  tertiary  syphilis. 
Th-j  enlargement  of  lymph-vessels  and  glands  is  characterized  by 
three  features  :  induration,  absence  of  inflammatory  signs,  and  per- 
sistency. During  the  course  of  the  disease  this  condition  of  the 
lymphatic  glands  may  disapjDcar,  but  more  frequently  it  persists 
for  months,  or  even  years,  after  all  other  evidences  of  the  disease 
have  gone.  Eesolution  is  almost  the  certain  termination,  but 
suppuration  may  occur  should  secondary  infection  with  pyogenetic 
microbes  take  place.  Mercurial  ointment  should  be  well  rubbed  into 
the  skin  over  the  enlarged  glands  daily. 

Fever. — The  constitutional  disturbance  varies  greatly  in  differ- 
ent cases.  Sometimes  there  is  well-marked  fever,  especially  towards 
evening,  when  it  may  reach  10-3°  F.  ;  in  other  cases  the  fever  is  dis- 
tinctly remittent. 

Nervous  symptoms. — Occipital  headache,  especially  nocturnal, 
is  frequent,  and  may  be  severe.  Neuralgic  pains,  especially  in  the 
fifth  nerve,  but  also  in  the  intercostal,  sciatic,  or  anterior  crural 
nerves,  are  often  present.    Insomnia  is  an  occasional  symptom. 
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Anaemia. — Anaemia  is  generally  a  marked  symptom.  Even  before 
the  enlargement  of  tlie  lymphatic  glands  the  patient  becomes  pale  and 
listless,  and  loses  flesh.  Examination  of  the  blood  reveals  deficiency 
in  haemoglobin  and  red  cells  with  some  increase  of  leucocytes.  These 
changes  become  more  marked  as  the  case  proceeds,  and  they  vary 
in  intensity  with  the-  severity  of  the  disease. 

Cachexia  usually  appears  early  in  the  secondary  stage.  The 
patient  becomes  emaciated,  loses  appetite  and  strength,  and  develops 
a  pale,  sallow  complexion,  a  small,  weak,  rapid  pulse  and  an  elevated 
temperature,  and  becomes  dejected,  nervous,  and  apprehensive. 
Sometimes,  especially  in  cases  subjected  to  early  mercurial  treat- 
ment, cachexia  may  be  postponed  till  late  in  the  course  of  the  disease. 

Bone  pains  of  different  kinds,  mostly  felt  in  the  cranium,  ribs, 
sternum,  and  clavicle,  are  a  frequent  accompaniment  in  the  early 
period,  and  may  be  associated  Avith  local  tenderness.  Both  tender- 
ness and  pain  are  worse  at  night. 

Rheumatic  pains  in  the  muscles,  fasciae,  and  joints  of  the 
extremities  are  constant  symptoms  of  the  early  stages  of  constitu- 
tional syphilis.  The  joints  affected  are  usually  the  larger  ones — 
those  of  the  hip,  knee,  and  especially  the  elbow — but  often  the  wrist 
and  interphalangeal  joints  are  attacked. 

Hyperaemia  of  pharynx  and  tonsils. — Syphilis  resembles 
the  acute  exanthemata  in  its  tendency  to  attack  the  fauces.  As  a 
rule,  the  throat  manifestations  follow  the  cutaneous  lesions,  but  often 
the  reverse  occurs.  Frequently  the  throat  affection  is  unsusj^ected 
by  the  patient  until  it  is  revealed  by  inspection.  In  many  cases 
there  is  nothing  but  a  slight  excoriation  ;  in  others  mucous  patches 
may  be  present.  There  is  often  much  tonsillar  swelling  ;  the  follicles 
become  enlarged  and  prominent,  or  they  may  rupture  and  form 
ulcers.  In  the  more  chronic  cases  patches  are  present  on  the  tonsils 
and  palatine  arch,  or  there  may  be  sharply  defined  yellow  ulcers. 
Constantly  on  the  fauces,  hard  palate,  inside  of  cheeks,  and  lips,  there 
are  seen  scattered  milk-white  spots  called  "plaques"  (Plate  73, 
Figs.  2  and  3),  which  may  be  of  any  size  and  shape  and  may 
coalesce  to  cover  a  large  area.  Parts  of  their  surface  may  be 
reddened,  showing  only  a  little  white  opacity  here  and  there. 

Albuminuria  and  nephritis. — At  this  time  albuminuria 
may  appear,  and,  without  doubt,  a  definite  nephritis,  mild  or  severe, 
occurs  during  the  secondary  stage.  I  agree  with  the  authors  who 
believe  that  syphilis  causes  kidney  changes  comparable  with  those 
seen  in  other  infectious  diseases.  The  symptoms  of  this  nephritis 
may  be  wanting,  and  the  condition  only  discovered  by  examina- 
tion of  the  urine  ;  but  it  may  give  rise  to  lumbar  pain,  with  oedema 
of  the  face  and  lower  extremities.    Most  of  these  nephritic  cases  are 


Fig.  1— Hypertrophic  ulcerated  chancre  of  the  lips  (Mikuliez-Michelson) 


Fig.  2.-MUCOUS  plaques  on  the  isthmus  of  the  fauces.       Fis.  .^.-Mucous  plaques  on  the  unJer  surface  of  the  tongue. 


(/r«.v  /'  /-/.  Ga-b.r's  "Die  Syphilis  ,ic-r  Xa^c,  ,/,.s  J/ahc-s  uud  ./cs  Oiires.") 

Pl^te  73. 
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benefited  by  antisyphilitic  treatment  combined  with  strict  attention 
to  diet. 

Angina  pectoris,  with  all  its  classical  symptoms,  is  sometimes, 
though  rarely,  seen  in  both  secondary  and  tertiary  syphilis. 

Secondary  skin  eruptions. — The  syphilitic  virus  is  distin- 
guished from  other  specific  poisons  by  the  fact  that  its  skin  eruptions 
("  syphilides  "  or  "  syphiloderms  ")  are  essentially  polymorphic  in 
type.  The  early  eruditions  of  secondary  syphilis  are  distributed 
symmetrically  and  generally  over  the  body,  involving  the  superficial 
layers  of  the  skin  ;  the  later  ones,  although  symmetrical,  are  less 
copious  and  tend  to  invade  the  deeper  layers.  We  are  ignorant  of 
the  causes  that  determine  the  production  of  the  different  forms 
of  syphilide.  Phageda^nic  chancre  is  more  prone  to  be  followed  l)y 
pustular  eruption  than  is  the  ordinary  indurated  sore.  Pustular, 
rupial,  and  serpiginous  syphilides  are  really  the  results  of  mixed 
infections. 

General  features  of  syphilides. — To  almost  all  syphilides 
certain  features  belong  : — 

1.  Pohjmorpliisiii. — Several  varieties  of  lesion  are  frequently  seen 
in  the  same  eruption.  Macules,  papules,  pustules,  and  scaly  patches 
may  be  present  together. 

2.  Tendeyicij  to  assume  a  circular  form,  more  noticeable  in  the  case 
of  small  papular  rashes. 

3.  Colour  and  pigmentation. — The  colour,  at  first  pinkish-red, 
soon  fades  to  a  brownish  ("  coppery  "  or  "  raw  ham  ")  hue,  probable- 
owing  to  chemical  change  in  the  extravasated  and  disintegrating 
blood.  At  first  the  coloration  may  be  dissipated  by  j^ressure,  but 
not  so  later  on. 

4.  Absence  of  pain  and  itching. 

Diagnosis  of  syphilides  must  generally  be  based,  not  so  much 
on  the  recognition  of  characters  common  to  all  syphilides,  as  upon 
an  accurate  acquaintance  with  each  individual  te^pe. 

1.  The  erythematous  or  roseolar  syphilide  is  the  earliest  and  most 
common  of  all  syphilitic  eruptions,  its  appearance  usually  being  coin- 
cident with  the  development  of  general  lymphatic  enlargements.  It 
consists  of  oval  or  round  spots  of  colour  varying  between  a  delicate 
rosy  pink  and  a  deep  red.  It  is  probably  present  in  all  cases,  but 
may  escape  notice  on  account  of  extreme  faintness.  It  is  usually 
seen  on  the  front,  sides,  and  back  of  the  trunk  ;  sometimes,  though 
rarely,  it  invades  the  face  and  neck.  It  is  also  foimd  on  the  flexor 
aspects  of  the  limbs,  but  avoids  the  hands  and  feet.  Its  develop- 
ment occupies  about  a  week,  but  may  be  so  rapid  as  to  simulate 
measles  ;  its  disappearance  may  occur  in  a  week  or  fortnight,  if  the 
rash  is  pale  and  scanty,  but  may  require  many  weeks  if  the  roseoho 


732 


ACQUIRED  SYPHILIS 


are  darker  and  more  abundant ;  metamorphosis  into  a  squamous  or 
papular  character  may  occur  (Plate  74).  Relapses  may  be  expected 
at  any  time  during  the  first  or  even  the  second  year. 

2.  The  papular  (lenticular)  syphilide  consists  of  hard,  shottv,  red, 
shiny  elevations  of  round  or  oval  shape,  and  varying  in  size  from 
a  millet  seed  to  a  split  pea  ;  they  are  generally  scattered  quite 
irregularly  over  the  body,  are  sometimes  numerous  on  the  fore- 
head and  neck,  and  occasionally  profuse  on  the  face.  They  develop 
rapidly  in  crops,  and  sometimes  remain  for  months  ;  then  they 
gradually  decline,  but  sometimes  become  covered  at  their  summits 
with  brown  crusts. 

The  papular  syphilide  shows  two  types  :  (a)  The  small,  flat  papu- 
lar syphilide  (Plate  75)  begins  as  red  spots  rapidly  increasing  from 
a  minute  size  to  a  diameter  of  perhaps  a  quarter  of  an  inch.  First 
seen  about  the  shoulders,  neck,  and  sides  of  chest, .  it  later  appears 
on  the  forehead  at  the  margin  of  the  scalp,  and  on  the  face,  chiefly 
about  the  nose,  mouth,  and  chin,  and  eventually  may  invade  the 
trunk  generally.  (6)  The  large,  flat  papules  sometimes  have  a  dia- 
meter of  an  inch.  They  show  a  flat  surface,  covered  with  a  "few 
adherent  scales,  and  a  red -coppery  colour  ;  are  very  chronic,  and 
cause  neither  pain  nor  itching. 

On  thick  cuticle,  like  that  of  the  palms  or  soles,  the  spots  are  not 
raised  into  papules,  but  form  round  horny  plates  with  copper- 
coloured  margins  ;  after  a  time  these  plates  become  detached  and 
replaced  by  thick  crusts  or  scales  or  by  an  ulcer.  This  condition 
constitutes  "  s}^liilitic,  palmar,  or  plantar  psoriasis."  Its  early  appear- 
ance is  supposed  to  be  the  herald  of  a  severe  form  of  the  disease. 

3.  The  follicular  syphilide  shows  two  distinct  varieties.  One  is 
made  up  of  small,  pointed,  dry  elevations  or  papules,  generally  scaly  at 
the  summit,  and  surrovmded  at  the  bases  by  white,  desquamating 
cuticle  ;  they  may  be  irregularly  scattered  or  in  clusters.  This  rash 
is  slow  in  its  course,  developing  itself  by  successive  crops,  and  sub- 
siding after  several  weeks  or  even  months.  Sometimes  the  little 
papules  are  converted  into  pustules  ;  they  always  leave  minute  white 
cicatrices.  The  other  variety  of  this  follicular  eruption  consists  from 
the  first  of  small  pointed  pustules  with  swollen  red  bases.  They  may 
be  present  in  immense  numbers,  not  only  on  the  face,  but  also  on  the 
trunk. 

4.  The  vesicular  syphilide  is  rare.  The  vesicles  are  usually  small, 
and  may  come  out  profusely  over  the  body  or  in  groups,  the  face  and 
genitals  being  the  commonly  selected  parts.  They  are  filled  with  a 
clear  fluid,  and  generally  dry  up,  but  may  become  pustular. 

5.  The  pustular  syphilide,  though  less  common  than  the  ery- 
thematous or  the  papular  forms,  may  appear  at  any  time  from  the 
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Papulo-maculo-squamous  syphilide.    (C".  G.  Choyce's  case.) 
Plate  74. 
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early  secondary  to  the  late  tertiary  period.  Pustules  of  all  sizes,  each 
seated  on  a  firm  base,  erupt  rapidly  in  successive  crojjs,  accompanied 
by  niucli  febrile  disturbance  ;  they  may  be  in  immense  numbers, 
especially  on  the  face  and  trunk,  and  may  relapse  even  after  a  year. 
They  dry  up  into  brown  or  black  scabs,  and  leave  stains  that  ulti- 
mately change  into  shallow  cicatrices.  Or  the  inflamed  bases  continue 
to  spread  after  the  summits  have  scabbed  over,  so  that  as  the  crusts 
increase  in  size  the  older  parts  are  continually  pushed  up  by  the 
collection  of  fresh  material  underneath  ;  thus  the  lesions  assume  conical 
shapes  like  limpet-shells.  This  variety  of  eruption  is  known  as  rupia 
(Plate  76). 

6.  The  squamous  syphilide  (syphilitic  lepra).  The  lesions  are  fla"*, 
hardly  raised  above  the  surface,  and  covered  with  silvery  scales  on 
a  coppery,  glistening  base.  The  scales  are  easily  detached,  but 
repeatedly  re-accumulate.  The  eruption  is  rather  a  late  manifesta- 
tion ;  the  spots  are  always  scattered,  few,  and  confined  to  one  region, 
such  as  the  thighs,  palms,  or  soles. 

The  circinate  syphilide  is  a  fairly  common  variety  of  this  erup- 
tion. It  assumes  the  form  of  rings,  and  resembles  tinea  circinata  ; 
but  the  exfoliation  at  the  margin  is  generally  profuse,  and  the  silvery 
scales  are  easily  detached.  The  rings  are  few  and  scattered,  and 
especially  appear  on  the  front  of  the  thighs,  but  may  be  found  any- 
where from  the  forehead  and  face  downwards.  This  eruption  is  very 
prone  to  relapses,  even  as  late  as  the  fifth  year. 

7.  The  pifimer}tary  sypJrilide  is  seen  in  two  distinct  forms — viz.  in 
spots  or  patches  of  various  sizes,  or  as  a  diffuse  pigmentation  which 
later  becomes  the  seat  of  leucodermia  ;  this  latter  is  the  retijorm  pig- 
mentary sypliilide.  This  syphilide  may  appear  as  early  as  the  third 
month,  but  more  usually  between  the  sixth  and  twelfth  months,  and 
often  is  postponed  until  the  second  or  third  year  after  infection.  It 
generally  occurs  in  women,  and  shows  a  predilection  for  the  lateral 
aspects  of  the  neck,  face,  and  forehead.  The  first  variety  of  the 
pigmentary  sypliilide  shows  as  light-brown  round  or  oval  plaques, 
which  may  have  sharply  defined  borders.  The  second  form — the 
retiform  or  lace  form — is  much  more  common  than  the  former.  Slowly 
or  rapidly  the  neck  becomes  discoloured  to  a  cafe-au-lail  tint.  Then 
on  the  pigmented  surfaces  irregularly  distributed  white  spots  appear, 
and  gradually  increase  in  size  and  number  until  the  skin  assumes  a 
lace-lilce  character. 

The  hair, — Alopecia  is  a  common  and  early  sign  of  syphilis, 
and  may  rarely  occasion  a  general  shedding  of  all  the  hair.  Much 
more  usually  the  loss  of  hair  is  jDartial  and  gives  rise  to  irregularly 
distrilnitcd,  rounded  bald  areas.  The  moustache  and  beard  may 
also  be  attacked.    As  a  rule,  the  hair  is  rapidly  restored,  but  very 
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occasionally  the  hair  papillae  are  destroyed  and  permanent  baldness 
results. 

Treatment. — The  hair  should  be  cut  short  and  the  scalp  daily 
rubbed  with  au  ointment  of  white  precipitate  (gr.  xxx),  and  cold 
cream  (^j).  The  parts  should  be  thoroughly  washed  each  morning 
with  soap  and  bran-water,  and  a  lotion  of  perchloride  of  mercury 
(1-1,000)  applied  two  or  three  times  a  day. 

The  nails. — Secondary  affections  of  the  nails  generally  appear 
within  the  first  two  years,  but  may  be  much  later.  They  are  of  two 
varieties:  onychia  and  paronychia.  In  onychia  the  nails  become 
dry,  brittle,  and  rough,  with  longitudinal  fissures  and  minute  depres- 
sions, in  which  dirt  collects  and  gives  the  nail  a  speckled  appearance. 
The  epidermis  imder  the  free  margin  is  usually  thickened  and  scaly. 

Of  paronychia  there  are  three  forms  :  ulcerative,  indolent,  and 
diffuse.  The  ulcerative  form  may  begin  as  a  papule ;  ulceration 
occurs,  and  extends  along  the  sulcus  at  the  base  of  the  nail,  which 
loses  lustre  and  becomes  detached,  undermined  by  offensive  pus,  and 
destroyed.  In  the  non-ulcerative  form  the  border  of  the  naU  is 
thickened  and  infiltrated  and  surrounded  by  a  papular  ring.  The 
colour  is  dull  red  and  the  surface  may  be  scaly  :  the  nail  usually 
becomes  detached.  The  diffuse  variety  begins  as  a  hypersemia  of 
the  tissue  surrounding  the  naO.  It  is  painless  at  first  and  dull  red 
in  colour,  but  later  becomes  coppery.  The  parts  become  swollen 
and  bulbous,  and  eventually  the  nail  itself  becomes  engaged  and 
is  destroyed. 

Treatment. — In  the  case  of  onychia  the  affected  finger  should  be 
frequently  soaked  in  perchloride  of  mercury  (1-1,000)  and  the  naUs 
kept  carefully  trimmed.  In  ulcerative  paronychia  the  diseased 
surface  should  be  exposed  as  soon  as  possible,  cauterized  with  nitric 
or  chromic  acid,  and  dressed  with  moist  dressings,  followed  by  appli- 
cations of  iodoform.  Prolonged  immersion  of  the  hand  in  warm 
perchloride  of  mercury  is  very  beneficial. 

Affections  of  the  mucous  membranes.- — Erythema  of 
mucous  membranes  is  usually  seen  in  the  neighbourhood  of  the 
fauces  and  of  the  outlets  of  mucous  canals,  especially  of  the  mouth, 
anus,  and  genital  organs.  The  most  common  lesions  of  the  mouth 
are  the  greyish-white  mucous  patches  known  as  opaline  patches, 
so  commonly  found  at  the  angles  of  the  mouth,  inner  surface  of  the 
cheeks,  and  dorsum  of  the  tongue.  They  occur  most  often  in  invete- 
rate smokers,  and  are  due  to  proliferation  of  the  epithelium.  They 
are  sometimes  fissured  or  eroded,  and  frequently  persist  long  after 
other  signs  have  apparently  passed  away. 

Superficial  affections  of  the  tongue  may  be  present  as  a 
general  erythema  or  as  scattered  whitish  oval  plaques  on  the  dorsum, 


Lenticular  syphilide.    ( Wilfrid  Fox's  case.) 
Plate  75. 
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from  which  the  epithelium  may  be  eroded.  Mucous  patclies  of  the 
tongue  are  very  frequent,  especially  in  smokers,  and  are  usually 
situated  on  the  dorsum  and  sides.  The  erythema  may  proceed  to 
fisiure  formation,  and  the  epithelial  thickening  to  leucoplakia  or 
"  psoriasis  lingufe."  These  conditions  more  properly  belong  to  the 
late  results  of  syphilis,  but  may  be  seen  in  the  secondary  stage.  They 
are  prone  to  epitheliomatous  changes. 

Treatment  of  mucous  patches. — The  patient  must  be  warned  of 
the  infective  character  of  his  lesions  ;  smoking  must  be  prohibited, 
and  the  lesions  sprayed  two  or  three  times  a  day  with  perhydrol  solu- 
tion (1-4)  or  silver  nitrate  (gr.  v  to  the  oimce).  They  may  also  be 
touched  daily  with  a  chromic  acid  solution  (gr.  v  to  the  ounce).  If 
improvement  does  not  follow  it  may  be  necessary  to  use  chromic  acid 
(gr.  XX  to  the  ounce)  or  pure  carbolic  acid.  Mouth  washes  of  chlorate 
of  potash,  borax,  perhydrol,  or  weak  carbolic  should  be  used  daily. 

The  nasal  mucous  membrane  may  be  the  seat  of  erythe- 
matous swelling,  with  subsequent  ulceration.  Nasal  blockage  may 
result  from  swelling  of  the  adenoid  tissue. 

Treatment. — -Strong  applications  should  be  avoided,  and  frequent 
spraying  with  mild  solutions  of  boric  acid,  perhydrol,  or  peroxide  of 
liydrogen  adopted. 

Mucous  patches  around  the  anus. — These  usually  assume 
the  form  of  cont] ijloiii'ild.  and  appear  as  broad,  raised  patches, 
with  well-defined  edges,  and  surfaces  that,  though  sometimes  dry, 
are  much  oftener  moist  and  coated  with  a  dirty  grey  secretion  with 
a  sickly  smell.  They  are  formed  by  cell-infiltration  of  the  cutis, 
associated  with  overgrowth  of  the  papillae.  They  may  become  con- 
fluent and  involve  a  large  area.  They  may  form  large  cauliflower-like 
excrescences  ("  vegetating  papules  "). 

Treatment. — Absolute  cleanliness  and  dryness  of  the  parts  are 
essential.  The  use  of  black  or  yellow  Avash,  with  packing  of  absorbent 
material  between  the  aft'ected  surfaces,  is  efficacious.  Condylomata 
may  be  destroyed  with  fuming  nitric  acid,  acid  nitrate  of  mercury, 
or  pure  carbolic  acid.  After  cauterization  the  surfaces  should  be 
well  cleansed,  dried,  and  dusted  with  some  powder,  such  as  starch, 
boric  acid,  resorcin,  or  calomel,  or  equal  parts  of  starch,  zinc  oxide, 
and  calomel. 

Mucous  patches  and  condylomata  in  the  genito-crural  folds 
and  between  the  toes  may  be  similarly  treated. 

The  larynx. — Er^-thema  of  the  larynx  may  be  slight  and  only 
cause  moderate  catarrh,  with  slight  huskiness.  It  may  cause  a 
patchy,  mottled  appearance,  or  a  diffuse  redness.  Chronic  inflam- 
mation of  the  larynx  is  common  in  the  later  stages.  Eirly  laryngitis 
usually  disappears  rapidly   with  general   antisyphilitic  treatment. 
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but  local  spraying  with  silver  nitrate  (gr.  vi  to  ^vi)  is  of  value. 
Should  ulceration  occur,  insufflation  of  iodoform  and  boric  acid  prove 
beneficial. 

The  eye. — Among  the  early  secondary  afi'ections  of  the  eye 
iritis  takes  first  place.  It  may  be  of  two  kinds  :  simple  plastic  iritis 
and  parenchymatous  iritis.  Plastic  iritis  often  occurs  about  the 
second  month,  and  is  characterized  by  severe  supra-orbital  pain, 
worse  at  night,  and  by  contracted  and  sluggish  pupils  ;  the  iris  is 
discoloured  and  adherent  to  the  lens,  and  there  is  vascular  injection 
of  the  cornea.  Parenchymatous  iritis  presents  yellowish-brown  nodules 
on  the  pupillary  border  of  the  inflamed  iris.  The  nodules  are  very 
distinct  and,  together  with  the  ordinary  signs  of  iritis,  go  to  form 
true  syphilitic  iritis.  This  variety  of  iritis  may  appear,  like  the 
plastic,  in  the  early  months,  but  may  be  delayed  to  a  much  later 
period . 

Treatment. — The  local  treatment  of  iritis  consists  mainly  in  the 
free  use  of  atropine,  a  solution  of  which  (gr.  v  to  3])  should  be 
dropped  into  the  eye  every  second  hour  until  good  dilatation  is 
brought  about.  Pain  may  be  relieved  by  hot  compresses  over  the 
eyes  and  the  application  of  leeches  to  the  temple.  Subconjunctival 
injection  of  bichloride  of  mercury  may  be  necessary  in  obstinate 
cases.  Atropine  is  essential  in  the  treatment  of  iritis.  It  should 
be  ordered  at  the  beginning  and  persevered  with  during  the  continu- 
ance of  the  attack,  the  object  being  to  keep  the  pupil  dilated,  and 
by  so  doing  to  break  through  any  adhesions  which  may  have  formed 
between  the  iris  and  the  capsule  of  the  lens  ;  it  also  relieves  irri- 
tation and,  by  paralysing  accommodation,  places  the  eye  in  a  state 
of  rest.  Should  the  pupil  become  closed  by  adhesion  of  the  iris 
to  the  lens,  an  iridectomy  should  be  done  when  inflammation  has 
subsided,  for  the  purpose  of  making  an  artificial  pupil  and  prevent- 
ing a  recurrence  of  iritis. 

Other  secondary  affections  of  eye.— Other  affections  ta 
which  the  eye  is  exposed  in  syphilis  are  cyclitis,  choroiditis,  irido- 
choroiditis,  and  retinitis  ;  but  these  are  not  common  and  occur  gener- 
ally in  the  later  stages. 

The  nervous  system.  —  The  secondary  nervous  affections 
are  neuralgia,  cephalalgia,  paralysis  (especially  of  the  muscles  of  the 
eye  and  face),  hemiplegia  and  paraplegia,  and  chorea. 

One  of  the  earliest  symptoms  of  secondary  syphilis  is  neuralgia, 
affecting  the  superficial  nerves  of  the  scalp,  and  producing  the  well- 
known  phenomena  of  "  nocturnal  headache,"  which  consists  of  a  dull 
pain,  beginning  especially  towards  sundown,  in  the  back  of  the  neck, 
running  up  to  the  top  of  the  head,  and  perhaps  lasting  for  hours» 

Cephalalgia  is  more  a  feeling  of  tension  than  of  actual  pain. 
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It  is  generally  located  in  tlie  occiput,  and  shows  marked  nocturnal 
exacerbations. 

Motor  paralyses  of  the  muscles  of  the  eye  and  face 

are  common  even  early  in  syphilis,  and  are  usually  the  result  of 
compression  of  the  nerve-truuk  by  periostitis  in  the  early  stages 
and  by  gumma  in  the  later. 

Although  hemiplegia  and  paraplegia  are  generally  classed 
as  belonging  almost  exclusively  to  the  tertiary  period,  I  have  met 
with  two  cases  in  the  third  month,  one  in  the  fourth,  and  several 
in  the  sixth,  seventh,  and  eighth  months  after  infection.  The  para- 
lysis not  infrequently  supervenes  during  sleep.  Practically  all  the 
cases  that  have  come  under  my  notice  had  received  either  insufficient 
or  no  specific  treatment. 

Hemiplegia  is  due  to  endarteritis  and  thrombosis  of  one  or 
other  of  the  cerebral  arteries,  whilst  paraplegia  results  in  many 
cases  from  some  spinal  meningitis.  Syphilitic  hemiplegia  may  be 
accompanied  by  aphasia,  optic  neuritis,  and  epilepsy.  Mental  de- 
pression is  constant.  The  prognosis  is  better  in  syphilitic  hemiplegia 
and  paraplegia  than  in  other  forms.  Much  depends  on  the  amount 
of  anti-syphilitic  treatment  already  given  and  on  the  energy  of  its 
application  after  the  onset  of  the  paralysis. 

Visceral  affections. — Albuminuria  may  bear  witness  to  kidney 
lesions,  pleural  effusion  to  pleurisy,  and  jaundice  to  liver  changes. 

Affections  of  the  epididymis  and  testicle. — As  mani- 
festations of  the  secondary  stage  these  aft'ections  are  not  common. 
When  the  epididymis  is  attacked  the  lesion  appears  as  an  acute 
inflammation,  which  readily  subsides  under  treatment.  Inflamma- 
tion of  the  testicle  itself  is  very  rare  in  early  syphilis,  and  when 
present  follows  tlie  course  of  ordinary  acute  orchitis,  generally  ending 
in  resolution. 

Affections  of  bones. — The  osseous  system  is  often  one  of 
the  earliest  attacked  by  syphilis.  The  condition  begins  as  simple 
periostitis,  running  on  sometimes  to  inflammation  of  the  bone  itself. 
The  tibia,  clavicle,  sternum,  bones  of  the  cranium,  and  the  ribs  are 
most  commonly  attacked,  and  in  the  order  named. 

Periostitis. — This  is  often  a  very  early  secondary  sign,  coming 
on  sometimes  before  the  appearance  of  any  rash,  but  it  is  more 
often  seen  l)etween  the  sixth  and  ninth  months.  It  is  a  subacute 
affection,  and  appears  as  an  elastic,  tender,  painful  swelling  over 
the  bone.  The  pain  is  sometimes  intense,  especially  at  night.  Under 
treatment  this  lesion  will  generally  subside  and  leave  no  trace,  though 
bony  nodes  frequently  remain  at  the  seat  of  attaclc.  The  subjacent 
bone  often  becomes  involved.    Suppuration  may  occasionally  occur. 

Affections  of  the  joints  may  be  acute  or  subacute.  The  acute 
2  \- 
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variety  is  especially  liable  to  attack  the  elbows  and  to  be  bilateral. 
There  is  a  slight  swelling,  accompanied  by  severe  pain  especially  at 
night,  and  usually  by  a  rise  of  body  temperature  even  up  to  104°  F. 
The  subacute  variety,  which  is  far  more  common  than  the  former, 
very  often  attacks  one  knee  only.  There  appears  a  swelling  of  the 
joint,  accompanied  by  little  or  no  pain.  Bodily  disturbance  and 
pyrexia  are  insignificant,  and  the  condition  generally  ends  in  re- 
solution. The  amount  of  fluid  secreted  is  usually  small.  A  peculiar 
feature  of  this  variety  is  the  intermittent  character  of  the  effusion. 

Affections  of  the  tendons. — Teno-synovitis  may  occur  at 
an  early  stage,  and  is  characterized  by  effusion,  tenderness,  and  swell- 
ing along  the  course  of  a  tendon.  Sometimes  it  is  limited  to  one, 
such  as  the  tendo  Achillis  ;  more  rarely  it  attacks  several  at  the 
same  time,  and  may  cause  severe  pain  and  tenderness  over  them. 

Treatment. — Little  can  be  done  locally  for  these  affections  :  every- 
thing depends  on  constitutional  treatment.  Pain  can,  of  course,  be 
assuaged  by  the  usual  methods,  and,  when  very  severe,  requires 
the  use  of  morphia  hypodermically. 

Rheumatoid  pains. — Some  of  the  most  constant  symptoms  in 
the  early  months  of  syphilitic  infection  are  pains  in  the  muscles, 
bones,  and  joints.  The  muscles  attacked  are  chiefly  those  of  the 
extremities  ;  whilst  the  joints  affected  are  the  ankle,  elbow,  wrist, 
and  phalanges.  These  pains  begin  at  sundown  and  gradually  get 
worse  at  night. 

Specific  treatment. — In  speaking  of  the  local  treatment  of  all 
secondary  affections  it  is  presumed  that  specific  general  treatment  is 
strictly  adhered  to  in  all,  as  no  local  measures  will  avail  in  its 
absence. 

TERTIARY  SYPHILIS 

When  not  exterminated  in  its  secondary  stage,  syphilis  passes 
into  its  chronic  tertiary  stage.  Tertiary  lesions  present  many  differ- 
ences fi"om  those  of  the  secondary  stage.  They  are  of  compact  struc- 
ture and  slow  growth,  are  less  numerous  and  more  isolated,  irregular 
in  their  course,  and  much  more  deeply  seated  and  destructive  in 
their  tendency.  Whereas  secondary  affections  tend  towards  resolu- 
tion, tertiary  ones  favour  progression.  The  viscera  are  compara- 
tively rarely  attacked  in  secondary  syphilis,  whereas  in  the  tertiary 
stage  they  suffer  deeply  from  a  chronic  infiltration  and  from  the 
formation  of  gummatous  nodules. 

The  results  of  tertiary  syphilis  are  protean  in  their  manifestations. 
It  is  therefore  difficult  to  give  a  clear  definition.  In  some  cases  a 
form  of  tertiary  lesions  may  appear  as  early  as  the  third  or  fourth 
month,  while  the  roseolar  rash  is  still  present ;  the  patient  appears 


Gummatous  syphilide  with  rupia. 


Plate  77. 


Ulcerative  gummatous  syphilide.    {McGavin's  case.) 


Plate  78. 
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suddenly  to  change  for  the  worse,  any  skin  lesions  present  ulcerate 
and  suppurate,  the  ulcers  spread,  and  the  patient  becomes  weak  and 
cachectic.  In  others  tertiary  syphilis  manifests  itself  in  hemiplegia, 
paraplegia,  and  other  nervous  phenomena,  and  generally  these  cases 
are  rapid  and  severe.  But  the  majority  of  tertiary  signs  occur  in 
the  third  and  fourth  years,  or  later,  and  present  themselves  in  the 
following  tissues  and  organs  in  sequence  :  (1)  the  skin,  (2)  the 
nervous  system,  (3)  the  bones,  (4)  the  mucous  membranes  and  viscera. 

Some  authorities  believe  that  tertiary  syphilis  is  not  true  syphilis, 
but  that  it  is  a  chronic  condition  left  behind  by  the  active  disease  ; 
but,  seeing  that  the  tertiary  lesions  may  coexist  with  the  secondary, 
this  belief  seems  illogical,  and  the  discovery  of  the  S.  follida  in  ter- 
tiary lesions  points  to  their  being  due  to  the  same  condition  as 
secondary  syphilis,  modified,  no  doubt,  by  the  attenuation  of  the 
virus,  etc.  It  has  been  proved  that  syphilis  can  be  reproduced  by 
inoculation  with  matter  taken  from  gumraata  and  other  tertiary 
lesions. 

The  chief  causes  of  tertiary  syphilis  are  inadequate  treatment, 
overwork,  enervating  climate,  and  excesses  of  all  kinds  (more  especially 
alcoholism).    Malaria  is  also  a  very  special  adjunct  to  tertiary  syiihilis. 

Cutaneous  and  subcutaneous  affections. — Gummatous 
syphilides  are  typical  of  tertiary  syphilis.  The  perivascular  cell 
infiltration  forms  an  inflammatory  neoplasm  in  the  skin,  which  has 
a  tendency  to  soften  and  to  ulcerate.  Some  of  these  syjjhilides  become 
ulcerated  almost  from  the  commencement,  whilst  others  ulcerate 
at  one  part  and  heal  at  another. 

Simple  gummatous  syphilides. — The  gummatous  syphilide 
is  of  two  kinds — simple  and  ulcerative.  The  former  (Plate  77)  is 
formed  by  dark-red,  copper-coloured  nodules  of  slow  evolution.  The 
extending  margin  of  this  syphilide  is  circinate  or  serpiginous.  After 
healing,  a  brown  macule  is  left,  followed  by  depressed  cicatrix,  and 
there  is  destruction  of  tissue  without  ulceration. 

Ulcerative  gummatous  syphilides  (Plate  78). — These  syphilides 
may  consist  of  a  number  of  nodules  which  eventually  coalesce,  or  of 
a  single  large  nodule  with  extensive  serpiginous  ulceration.  Progress 
is  slow  and  painless ;  inflammatory  reaction  is  absent.  The  lesion 
may  undergo  resolution  without  any  treatment ;  on  the  other  hand, 
it  may  persist  for  years.  Generally,  specific  treatment  has  a  marked 
effect.  Under  this  the  lesion  heals  rapidly,  leaving  a  cicatrix  which, 
at  first  pigmented,  ultimately  becomes  a  white  depression,  circular  or 
annular  in  shape. 

Subcutaneous  gummata  appear  as  nodules  in  the  hypo- 
dermic tissue.  They  are  hard,  painless,  and  freely  movable  at  first : 
but  later  on  they  become  caseated  and  adherent  to  the  skin,  which 
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they  perforate,  forming  an  ulcer.  When  they  have  healed,  a  depressed 
pigmented  cicatrix  remains. 

Treatment  of  gummatous  syphilides. — Specific  treatment 
is,  of  course,  absolutely  necessary,  but  much  can  be  done  locally  for 
ulceration.  Dressings  of  iodoform  and  mercurial  ointments  (red  and 
yellow  oxide  or  white  precipitate)  are  very  good ;  also,  perhydrol 
(Merck)  in  a  concentrated  solution  applied  two  or  three  times  a 
day,  or  calomel  applied  in  powder  or  by  fumigation.  It  is  in  these 
gummatous  syphilides  that  iodide  of  potassium  is  specially  useful, 
lodipin,  given  by  intramuscular  or  subcutaneous  injection,  is  of  much 
benefit. 

The  alimentary  system. — Tertiary  lesions  of  the  lips  are 

not  common,  but  they  are  important,  owing  to  their  liability  to  con- 
fusion with  cancer,  and  vice  versa.  They  may  appear  as  a  tuberculate 
formation  or  as  a  gumma.  The  former  is  very  apt  to  relapse.  In 
shape  it  is  usually  circinate  and  may  extend  so  as  to  involve  most 
of  the  lip.  It  may  appear  as  diffuse  infiltration,  the  mucous  mem- 
brane of  the  lip  becoming  swollen  and  red.  In  other  cases  this  lesion 
assumes  the  character  of  a  hard,  circumscribed  gumma  in  the  sub- 
stance of  the  lip.  This  may  be  taken  for  cancer,  but  in  the  gumma 
the  lymphatic  glands  are  not  enlarged.  The  skin  over  this  gumma 
may  ulcerate,  and  then  it  may  be  mistaken  for  a  chancre. 

Superficial  glossitis  sometimes  arises  in  habitual  smokers. 
On  examination,  the  tongue  is  found  to  be  swollen,  bright  red,  and 
indented  at  its  edges  with  marks  of  the  teeth.  The  dorsal  surface  is 
■devoid  of  fur  and  the  papillae  may  have  disappeared  over  a  large 
surface.  The  tongue  itself  is  freely  movable  and  can  be  protruded 
to  its  normal  extent.  Its  surface  is  moist,  and  is  tender  and  painful. 
There  is  little  induration.  In  other  cases  the  lesion  consists  of 
patches  of  round  or  oval  shape  and  deep-red  colour.  They  are 
slightly  raised  and  indurated,  and  when  healed  leave  milk-white 
patches.  They  run  a  very  chronic  course,  and  are  painless  through- 
out. Sometimes  they  soften  and  give  rise  to  ulcers,  fissures,  or 
erosions. 

Sclerosing  glossitis  is  characterized  by  swelling,  most  marked 
■on  the  dorsal  surface  of  the  tongue,  the  central  part  being  most 
frequently  aft'ected.  Disappearance  of  the  papillae  gives  a  smooth 
appearance  to  the  mucous  membrane  covering  the  affected  parts. 
Fissures  and  ulcers  are  produced,  the  former  radiating  outwards 
from  the  central  raphe.  The  course  of  this  lesion  also  is  very  chronic. 
The  lymphatic  glands  seldom  enlarge. 

Gummatous  glossitis. — This  occurs  about  four  to  six  years 
after  infection,  and  the  gummata  may  be  either  superficial  or  deep  ; 
the  former  are  usually  situated  on  the  dorsum  of  the  tongue.  They 
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are  small  nodules  j^rojecting  into  the  mucous  membrane,  where  they 
can  be  felt  as  hard  bodies,  not  always  very  well  defined.  Unaffected 
at  first,  the  mucous  membrane  covering  them  eventually  softens  and 
ulcers  are  formed,  with  a  tyjjical  "  wash-leather  "  slough  as  its  floor. 
The  deep  gummata  may  lie  at  any  depth  in  the  tongue  substance. 
They  occur  at  any  age,  and  are  often  found  in  children,  but  gener- 
ally appear  in  middle  life.  They  form  painless,  indolent  swellings, 
with  the  mucous  membrane  covering  them  unaltered.  As  a  rule 
they  are  not  tender.  Sooner  or  later  they  soften,  and  the  mucous 
membrane  gives  way  and  ulceration  takes  place.  Needless  to  say, 
this  is  a  very  chronic  and  obstinate  affection. 

Differentia!  diagnosis. — Gummata  of  the  tongue  may  be  mis- 
talcen  for  either  innocent  or  malignant  tumours.  The  points  of 
distinction  between  innocent  tumours  and  gummata  are  these  :  The 
former  are  often  polypoid,  the  latter  never  ;  innocent  tumours  are, 
as  a  rule,  well  defined,  whilst  gummata  are  not  ;  the  former  are 
generally  single,  gumma  is  more  often  multiple  ;  innocent  tumours 
are  often,  gummata  never,  lobulated. 

The  diagnosis  between  gumma  of  the  tongue  and  cancer  turns 
upon  the  following  differences  :  Cancer  is  nearly  always  single, 
gumma  often  multiple.  The  former  tends  to  attack  the  borders 
of  the  tongue,  the  latter  as  often  the  middle.  Cancer  often  forms 
opposite  a  carious  tooth,  whereas  gumma  has  no  connexion  there- 
with. Cancer  is  usually  a  disease  occurring  in  patients  past  middle 
life,  gumma  is  found  in  those  between  twenty-five  and  thirty  years 
of  age.  The  tongue  in  gumma  is  freely  movable,  whilst  its  mobility 
is  impaired  in  cancer.  The  microscope  and  history  will  also  furnish 
help  in  differentiating  between  the  two  affections. 

Fissures  and  ulcers  of  the  tongue  may  occur  both  in 
early  and  in  late  S3'philis.  The  latter  are  very  often  found  on  the 
dorsum  and  are  caused  by  softening  of  the  gummata.  Ulceration 
begins  as  a  small  hole,  which  quickly  enlarges  by  the  giving  way  of 
the  infiltrated  tissue  surrounding  the  tumour.  A  cavity  is  formed 
with  sharply-cut,  ragged,  undermined  borders  and  sloughy  floor. 
Symptoms  are  usually  singularly  slight,  considering  the  condition  ; 
the  patient  suffers  in  many  cases  little  inconvenience  other  than  a 
feeling  of  thickness  of  the  tongue,  pain  being  practically  absent  at 
first,  though  sometimes  this  may  be  troublesome  while  ulceration  is 
proceeding. 

Treatment  of  affections  of  the  tongue. — In  view  of  the 
undoulited  fact  that  smokers  suffer  mucli  more  often  from  these 
affections  than  non-smokers,  all  tobacco  should  be  prohibited 
during  an  attack  of  syphilis,  especially  if  the  tongue  be  involved. 
All   otlier  sources  of  irritation  should  be  removed,  all  spirits  and 
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condiments  forbidden,  and  carious  and  tartar-laden  teeth  attended 
to  by  a  dentist.  Of  course,  specific  treatment  is  necessary.  Calomel 
injections  or  salvarsan  are  especially  beneficial,  and  potassium  iodide 
is  essential.  Cracks  and  fissures  should  be  well  dried  and  then 
painted  with  a  solution  of  either  chromic  acid  (gr.  x  to  §1)  or  of 
perhydrol  or  peroxide  of  hydrogen.  When  there  is  much  inflam- 
mation of  the  parts  the  following  application  may  be  made  to  the 
ulcers  : — ■ 


lodi  . 
Potassii  iodidi 
Tinct.  opii  . 
01.  menth.  pii\ 
Glycerinum  . 


Solve  et  misce. 


gr.  11. 
gr.  XX. 

n\v. 

ITlv. 

ad  5i. 


The  liver. — Of  all  the  abdominal  viscera  the  liver  is  the  most 
frequently  attacked  by  tertiary  sy^jhilis,  the  conditions  produced 
being  :  (1)  amyloid  degeneration,  (2)  perihepatitis,  and  (3)  hepatitis, 
either  diffuse  or  gummatous.  In  perihepatitis  there  is  thickening  of 
the  capsule,  with  adhesions  to  surrounding  parts.  In  hepatitis  there 
is  great  increase  in  the  connective  tissue,  accompanied  by  shrinking 
and  the  formation  of  fibrous  bands  ;  by  the  contraction  of  these 
bands  the  liver  becomes  lobulated  and  nodular  on  the  surface, 
so  that  a  "  ploughed-up  "  appearance  is  caused.  Gummata  are 
frequently  found  in  the  liver,  and  consist  of  a  central  zone  of 
yellow  matter,  a  middle  zone  of  fibrous  tissue,  and  an  outer  one 
of  dense  hepatic  tissue.  The  yellow  matter  in  the  central  zone 
is  often  absorbed,  and  replaced  by  a  mass  of  fibrous  tissue,  which 
causes  puckering  of  the  surface  of  the  organ. 

Symptoms.- — The  liver  may  be  enlarged,  irregular,  and  nodular. 
Pain  in  the  hepatic  region  is  common,  and  may  be  sharp  or  dull  and 
persistent.  In  perihepatitis  the  pain  may  be  very  severe.  As  a 
result  of  pressure,  ascites  may  occur.  Marasmus  is  often  present, 
accompanied  by  albuminuria  and  persistent  jaundice.  On  the  whole, 
the  symptoms  in  tertiary  syphilis  of  the  liver  are  mild  and  not  at 
all  distinct,  so  that  the  disease  may  be  entirely  overlooked. 

The  stomach  and  the  rectum.— Tertiary  affections  of  the 
stomach  are  very  rare,  and  there  are  no  regular  symptoms  which 
are  pathognomonic  of  them.  When  they  do  occur  they  consist  of 
gummatous  infiltration  of  the  walls. 

The  rectum  may  be  attacked  in  tertiary  syphilis  in  three  ways  : 
by  ulceration,  by  gumma  formation,  or  by  the  development  and 
contraction  of  fibrous  tissue.  All  three  varieties  may  lead  to  stric- 
ture of  the  gut.  Indurating  oedema  complicates  all  three  ;  the  process 
extends  to  and  surrounds  the  anus  :  the  walls  of  the  rectum  become 
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thickened  and  ulcerated.  Ulceration  of  the  mucous  membrane  on 
the  surface  of  the  indurating  mass  very  often  leads  to  abscess  and 
fistula. 

The  spleen  may  exhibit  infiltration,  either  interstitial  or 
gummatous.  The  former  begins  around  the  blood-vessels,  produc- 
ing a  diffuse  connective  tissue,  which  presses  on  the  splenic  pulp 
and  causes  contraction  of  the  organ.  Gummata  occurring  in  the 
spleen  are  small  and  are  sometimes  single,  whilst  at  other  times 
they  may  be  numerous.  When  freshly  formed  the  gummata  have 
a  reddish-grey  colour  ;  when  old  they  are  dry  and  of  a  yellow  colour. 
They  cause  contraction  of  the  splenic  capsule. 

The  kidney. — The  kidney  is  liable  to  be  attacked  in  three 
ways  :  by  gummata,  by  interstitial  nephritis,  and  by  amyloid  disease. 
Gummatous  infiltration  of  the  kidney  is  rare,  and  is  usually  asso- 
ciated with  the  same  condition  of  other  organs,  such  as  the  liver 
and  spleen.  Nephritis  is  of  the  chronic  interstitial  variety,  and 
may  lead  to  the  granular  contracted  kidney,  presenting  the  usual 
symptoms  of  that  condition.  Amyloid  disease  is  a  common  renal 
result  of  tertiary  syphilis,  and  is  usually  associated  with  amyloid 
degeneration  of  the  liver  and  spleen. 

Treatment. — In  these  affections  of  the  kidneys  mercury  must 
be  given  cautiously,  but  at  the  same  time  specific  treatment  must  be 
carried  out  by  injection  either  of  the  soluble  salts  or  of  one  of  the 
arylarsonate  preparations,  the  latter  being  very  applicable  in  such 
cases. 

The  palate.' — Gummatous  infiltration  affects  both  the  hard 
and  the  soft  palate,  both  in  acquired  and  in  inherited  syphilis.  It 
begins  either  as  a  local  gummatous  mass  or  as  a  diffuse  infiltration. 
In  the  former  case  it  projects  from  the  soft  palate  as  a  flattened 
tumour,  which  is  at  first  hard  and  elastic,  but  eventually  softens  and 
breaks  down,  leaving  a  gummatous  ulcer  behind.  The  diffuse  variety 
is  much  oftener  seen.  The  soft  palate  becomes  thickened  and  con- 
gested ;  this  may  be  limited  to  a  part,  or  it  may  involve  the  whole 
arch  of  the  soft  palate.  Later  on,  softening  of  this  infiltration  and 
ulceration  take  place,  and  the  ulceration  may  extend  to  the  velum 
palati,  the  uvula,  and  pillars  of  the  fauces,  and  through  the  entire 
thickness  of  the  soft  palate,  so  that  perforation  is  the  result,  with 
its  attendant  nasal  character  of  the  voice  and  regurgitation  of  fluids 
through  the  nose.  When  the  perforation  is  small  it  may  close  by 
granulation  ;  when  it  cicatrizes  the  palate  is  left  scarred  and  deformed. 

Differential  diagnosis  will  have  to  be  made  between  gum- 
matous infiltration  of  the  palate  and  lupus,  tubercle,  and  cancer. 

Lupus  runs  a  much  more  chronic  course  and  creeps  over  the 
surface  of  the  palate,  wliereas  the  syphilitic  affection   begins  in 
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the  deeper  tissues.  Lupus  does  not  affect  the  bone,  whereas  gumma 
does.  Tuberculous  ulceration  is  shallower  than  syphilitic  ;  it  is  more 
limited  in  extent,  and  has  sharply-cut  edges,  whilst  its  base  is  red 
and  more  granular.  The  lymphatic  glands  in  its  neighbourhood  are 
often  enlarged  in  tuberculous  ulceration,  but  are  seldom  so  in  s}^hilis. 
Tubercle  very  rarely  leads  to  perforation,  the  contrary  being  the 
case  with  syphilis.  Tuberculous  ulceration  is  unaffected  by  treatment 
with  mercury  or  potassium  iodide. 

Treatment  consists  in  arresting  the  ulceration  by  means  of 
mercury  and  iodide  of  potassium.  Locally  the  palate  should  be 
frequently  sprayed  with  dilute  solution  of  iodine  or  perhydrol,  and 
kept  as  clean  as  possible.  No  surgical  procedure  should  be  under- 
taken until  all  ulceration  has  ceased. 

The  pharynx. — The  pharynx  is  liable  to  the  same  syphilitic 
manifestations  as  the  mouth.  In  some  cases  the  entire  soft  palate 
is  destroyed  by  ulceration  ;  necrosis  of  the  hard  palate  occurs,  the 
mouth,  nose,  and  pharynx  being  converted  into  one  cavitJ^  In  others 
the  ulcerative  process  is  limited  to  the  border  of  the  velum  and 
pharyngeal  wall  ;  adhesions  form  and  divide  the  cavity  of  the  pharynx 
into  two  distinct  chambers,  one  communicating  with  the  posterior 
nares,  the  other  with  the  mouth. 

The  larynx. — The  larynx  shows  chronic  inflammation,  lead- 
ing to  thickening  or  hypertrophy  of  the  mucous  membrane  and 
accompanied  by  superficial  ulcers  from  which  spring  vegetations. 
These  vegetations  may  be  of  such  a  size  as  to  impede  respiration. 
The  cords  may  also  become  much  thickened,  and  in  some  cases  cause 
complete  aphonia.  Later  on,  deep  ulceration  may  occur,  the  epi- 
glottis and  aryteno-epiglottic  ligaments  being  destroyed.  These 
ulcerations  are  liable  to  be  mistaken  for  malignant  disease,  from 
which  they  differ  by  being  of  slower  growth ;  moreover,  whereas 
in  cancer  the  submaxillary  glands  are  from  an  early  date  infiltrated, 
they  are  not  so  in  syphilis.  Gummatous  tumours  may  also  occur 
as  a  tertiary  lesion. 

The  trachea.- — In  tertiary  syphilis  the  trachea  is  subject  to 
gummatous  infiltration  and  connective-tissue  proliferation.  The 
former  leads  to  ulceration  and  necrosis  of  cartilage.  The  healing  of 
the  ulcers  may  leave  cicatricial  contraction,  which  may  lead  to  either 
complete  or  partial  constriction  of  the  trachea. 

The  lungs.— The  morbid  processes  of  syphilis  in  the  lungs 
consist  of  indurations  and  gummata,  which  occur  in  either  the  middle 
or  lower  lobes  rather  than  at  the  apices.  Fibrous  bands  enclosing 
islets  of  lung  tissue  are  formed — this  fibrous  tissue  formation  may 
be  very  extensive.  The  bronchi  in  relation  with  these  are  flattened, 
and   the  alveoli   are  filled  with  exudation  containing  leucocytes 
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and  desquamated  epithelial  cells.  The  pleura  is  often  thickened  and 
adherent  about  these  areas.  The  surface  of  the  lung  is  puckered 
and  furrowed. 

Gumma  of  the  lung  may  be  found  in  any  part  of  the  organ, 
but  is  mostly  met  with  in  the  lower  lobes.  Softening  takes  place 
in  the  centre  of  the  mass.  The  parts  around  may  be  thickened  by 
proliferation  of  cells,  and  around  the  whole  mass  there  is  always 
a  zone  of  indurated  tissue.  The  degeneration  of  the  centres  of 
the  masses  leads  to  liquefaction  and  evacuation  of  tlie  fluid,  which 
is  the  cause  of  much  irritation  to  the  bronchi.  Cough,  dyspnoea, 
hjemoptysis,  and  muco-purvilent  sputum  may  all  be  present,  but 
the  tubercle  bacillus  is  absent  from  the  sputum.  In  all  lung  lesions 
beginning  in  the  lower  lobes  and  slowly  progressing  without  fever, 
sypliilis  should  be  suspected. 

The  bones  show  osteo-periostitis,  exostoses,  and  gummatous 
infiltration.  The  tibia,  ulna,  clavicle,  sternum,  and  bones  of  the 
cranium  are  especially  liable  to  osteo-periostitis.  Ill-defined  tumours 
of  various  sizes  are  formed.  They  are  tender  and  painful,  especially 
towards  evening.  As  a  rule,  they  end  in  absorption.  Sometimes, 
however,  they  become  inflamed  and  softened,  and  burst  tln-ougli  the 
adherent  and  reddened  skin,  until  eventually  the  superficial  part 
of  the  bone  necroses  and  separates.  At  other  times  neither  resolution 
nor  ulceration  occurs,  but  the  bony  tumour  becomes  eburnated,  and 
remains  as  an  exostosis.  As  a  rule,  these  exostoses  give  little  trouble, 
but  if  situated  on  the  inner  aspect  of  the  cranium  they  may  cause 
convulsions,  epilepsy,  or  paralysis. 

Gummata  are  most  frequently  found  in  the  cranial  or  facial  bones. 
Swelling  and  pain  may  be  followed  by  considerable  bony  destruction 
if  secondary  infection  occur.  The  vertebra?  may  be  the  seat  of 
gunmiatous  osteitis  (syphilitic  spondylitis),  the  symptoms  of  which 
will  vary  with  the  region  attacked.  Thus  disease  in  tlie  cervical 
region  may  cause  paralysis  of  all  four  limbs,  whilst  a  lesion  in  the 
dorso-lumbar  will  not  affect  the  upper  limbs.  Syphilitic  disease  of 
a  vertebra  does  not  destroy  the  whole  centrum,  and  therefore  does 
not  lead  to  angular  curvature  as  in  tuberculous  disease. 

The  joints  in  syj^hilis  are  subject  to  the  following  tertiary  affec- 
tions :  («)  Synovitis,  subacute  or  chronic  ;  (h)  gummatous  deposits 
in  the  synovial  membrane  ;  (c)  gummatous  changes,  primarily  in 
the  bones,  but  ((/)  spreading  to  the  joint  from  the  surrounding  parts  ; 
(e)  ankyloses. 

Synovitis  in  the  tertiary  period  is  markedly  subacute  ;  there  is 
but  slight  pain  or  impairment  of  movement ;  the  effusion  into  the 
cavity  takes  place  slowly  and  is  never  very  great.  A  marked  feature 
is  the  tendency  of  this  afl'ection  to  become  stationary.    There  is 
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seldom  any  suppuration  or  any  other  degeneration,  in  marked  con- 
trast to  tuberculous  affections  of  the  same  parts. 

Gummatous  arthritis  generally  attacks  the  knee-joint.  It  begins 
in  an  insidious  manner,  there  being  but  slight  pain  and  little 
effusion.  It  may  set  up  acute  arthritis,  ending  in  complete  destruc- 
tion of  the  joint,  and  leading  to  ankylosis. 

When  the  gummatous  disease  begins  in  the  bones,  osteitis  affects 
both  the  epiphysis  and  the  diaphysis,  causing  enlargement  of  the 
bone  near  the  joint,  which  is  frequently  preceded  by  nocturnal  pains, 
though  later  on  pain  is  but  slight. 

The  bursas. — In  tertiary  sy^jhilis  the  patellar  bursse  are  fre- 
quently attacked  by  painless,  elastic,  gummatous  infiltration.  Soften- 
ing and  very  tedious  ulceration  may  follow. 

The  fingers  and  toes. — Dactylitis  syphilitica  is  a  condition 
due  to  gummatous  deposit,  which  may  begin  in  the  bones  and  peri- 
osteum, eventually  implicating  the  joints  ;  or  it  may  commence  in 
the  subcutaneous  tissue  of  the  fingers  and  toes,  and  also  may  extend 
to  the  joints.  In  the  former  case  the  disease  develops  slowly  as  an 
enlargement  of  one  of  the  fingers  or  toes.  The  skin  over  it  becomes 
stretched  and  swollen  ;  pain  is  slight,  and  may  be  completely  absent. 
Only  one  phalanx  may  be  attacked  at  a  time,  but  usually  two  or 
more,  and  eventually  the  whole  finger  or  toe  becomes  implicated. 
The  fingers  are  attacked  more  often  than  the  toes.  The  swelling 
may  remain  in  the  same  indolent  condition  for  a  long  time,  and  then 
the  gummatous  deposit  may  be  either  absorbed,  or  softened  and 
discharged  through  a  sinus.  The  bone  is  generally  left  permanently 
deformed,  and  may  be  partly  absorbed  and  shortened,  or  thickened. 

The  muscles  and  tendons. —  Myositis  occurs  as  the  result 
of  tertiary  syphilis  in  three  forms  :  the  hypersemic,  the  chronic  infil- 
trative, and  the  gummatous  nodular.  Myositis,  when  chronic,  tends  to 
more  or  less  contraction.  Pain  is  usually  of  a  dull,  aching  character. 
One  or  more  muscles  may  be  attacked  at  the  same  time.  Those  most 
frequently  involved  are  the  flexors  of  the  upper  extremity,  especially 
the  biceps. 

Globular,  fusiform,  or  flat  gummatous  tumours  may  occur  in 
the  muscles.  When  superficial  they  become  adherent  to  the  aponeu- 
rosis, which  becomes  inflamed  and  hypertrophied.  They  are  best 
detected  when  the  muscle  is  relaxed  ;  they  excite  little  pain,  their 
chief  inconvenience  being  interference  with  motion.  These  tumours 
may  undergo  softening,  break  down,  and  form  deep  ulcers. 

Tertiary  lesions  of  tendons  take  the  shape  of  teno-synovitis,  with 
hyper£emia  of  the  sheath  and  serous  effusion.  They  form  elastic, 
often  fluctuating  tumours,  and  may  be  painful.  Gummata  some- 
times form  in  tendons. 


Gumma  testis. 
Plate  79. 
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The  testis  (Plate  79). — Affections  of  tins  organ  consist  of  clironic 
hyperplastic  processes  of  tlie  body  of  the  testis  alone  or  of  its  cover- 
ings as  well.  Tliis  lesion  begins  without  inflammation  or  pain.  The 
organ  is  uniformly  enlarged,  hard,  firm,  and  less  sensitive  than  in 
its  normal  state.  There  may  be  an  accompanying  hydrocele.  The 
testicle  may  sometimes  be  found  to  contain  indurated  masses 
which  form  projections  on  its  surface.  The  latter  may  coalesce  and 
form  a  hard  resistant  mass  which  may  remain  for  years,  or  may 
soften  and  break  down  and  give  rise  to  an  abscess  cavity. 

Treatment. — SjDccific  treatment,  of  course,  is  necessary,  and 
without  it  little  can  be  attained  locally.  Strapping  the  testicle  with 
mercurial  plaster,  and  tapping  a  hydrocele  when  present,  may  be 
used  as  adjuvants. 

The  circulatory  system. — Lesions  in  the  arterial  system, 
inside  or  outside  the  cranium,  are  invariably  present,  and  con- 
stitute the  most  important  pathological  element  in  all  cases  of 
syphilis — endarteritis,  ^periarteritis,  and  endoperiarteritis  all  being 
constantly  found,  sometimes  in  the  same  subject.  The  arterial 
changes  may,  in  rare  cases,  manifest  themselves  before  the  end  of 
the  first  year,  especially  in  the  neighbourhood  of  the  base  of  the 
brain  ;  but  in  the  majority  of  cases  they  are  delayed  till  after 
the  third  year,  and  often  they  do  not  give  rise  to  symptoms  till 
a  much  later  period,  when  they  may  end  in  atheroma  of  the  aorta, 
aneurysms,  etc. 

Several  types  of  syphilitic  arteritis  are  recognized,  the  best-marked 
being  the  obliterative,  in  which  the  most  advanced  changes  are  seen 
in  the  inner  coat  of  the  vessel,  constituting  the  condition  known 
as  "  endarteritis  obliterans."  The  intima  is  thickened,  sometimes 
more  on  one  side  than  the  other  ;  the  internal  elastic  lamina  usually 
remains  intact,  but  it  may  be  absorbed  ;  the  tunica  adventitia  is 
generally  found  infiltrated  with  round  cells  and  the  vasa  vasorum 
thickened.  The  tunica  media  is  sometimes  also  affected,  and  when 
this  takes  place  the  muscle  cells  are  atrophied.  The  wall  of  the 
artery,  being  deprived  of  its  elastic  and  muscular  elements,  offers 
less  resistance  to  the  blood  pressure,  bulging  takes  place,  and  an 
aneurysm  is  formed. 

Endarteritis  obliterans  is  characterized  by  a  proliferation  of  the 
intima  and  sometimes  by  small-celled  infiltration  of  the  media  and 
adventitia.  In  gummatous  periarteritis,  nodular  gummata,  sometimes 
of  considerable  size,  may  develop  in  the  adventitia. 

Thickening  of  the  intima  causes  anfemia  and  weakness  and 
diminution  of  function  of  the  j^arts  supplied  by  the  vessel,  varying 
in  degree  according  to  the  amount  of  collateral  circulation  avail- 
able.   Dizziness,  and  perhaps  localized  softening  of  the  brain,  will 
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follow  if  a  cerebral  vessel  be  involved,  and  perhaps  angina  pectoris 
if  the  coronary  arteries  be  affected. 

If  endarteritis  obliterans  attacks  a  limb  it  may  cause  gangrene, 
frequently  preceded  by  long-continued  pain,  and  sometimes  by  oedema. 
Charcot  has  described  a  condition  of  intermittent  limping,  coming 
on  suddenly  with  numbness  and  weakness,  accompanied  by  pain 
and  cramp  in  the  limb,  as  a  sure  sign  of  arterial  constriction. 

Syphilis  is  also  a  prominent  factor  in  the  causation  of  atheroma, 
partly  by  its  toxic  action  and  partly  by  causing  endarteritis  of  the 
vasa  vasorum,  as  well  as  in  the  etiology  of  aneurysm. 

The  nervous  system  is  a  very  frequent  site  of  tertiary 
syphilitic  change,  and  may  be  attacked  as  early  as  the  fourth  month 
or  as  late  as  the  twentieth  year  after  infection.  Fournier's  figures 
show  that  in  about  one-ninth  of  all  cases  of  cerebral  syphilis 
hemiplegic  symptoms  occur  during  the  first  year,  and  a  larger  pro- 
portion of  spinal  cases  show  signs  before  the  expiration  of  this  early 
period.  In  rare  "  malignant "  cases  cerebral  and  spinal  affections 
have  been  recognized  before  the  disappearance  of  the  primary  indura- 
tion. Nervous  symptoms  are  especially  likely  to  appear  in  neurotic 
individuals,  in  whom  a  history  of  chorea,  migraine,  neuralgia,  etc., 
can  frequently  be  obtained.  Mental  anxiety  and  strain  and  sexual 
and  alcoholic  excesses  are  certainly  predisposing  causes,  and  insuf- 
ficient treatment  is  one  of  the  main  factors  in  this,  as  in  all  tertiary 
lesions. 

The  syphilitic  virus  may  attack  the  nervous  system  by  causing 
inflammation  of  the  membranes,  or  blood-vessels,  with  subsequent 
occlusion  of  the  latter,  by  giving  rise  to  gummata  in  the  brain  itself, 
or  by  causing  sclerosis  and  devitalizing  the  cells,  and  initiating  the 
parasyphUitic  affections,  such  as  general  paralysis  and  tabes.  Gum- 
matous deposits  most  frequently  originate  in  the  membranes,  are 
generally  small  and  greyish-red,  and  scattered  around  the  vessels. 
They  may  be  found  on  the  substance  of  the  brain,  but  have  then 
often  extended  inwards  from  the  membranes.  At  other  times  the 
gumma  may  be  single,  large,  and  greyish-yellow,  and  then  is  fre- 
quently situated  at  the  base  of  the  brain  and  often  adherent  to 
the  thickened  dura  mater.  The  symptoms  and  methods  of  localizing 
these  lesions  will  be  discussed  in  a  later  volume. 

There  are  no  symptoms  pathognomonic  of  cerebral  syphilis  ; 
but  the  following  are  suggestive,  viz.  epilepsy  (commencing  in  middle 
life  without  loss  of  consciousness),  aphasia,  paralyses  (especially 
ocular),  mental  disorders  (especially  loss  of  memory),  hemiplegia,  and 
general  loss  of  health.  Of  these  hemiplegia,  due  to  endarteritis  of 
the  middle  cerebral  artery,  is  perhaps  the  commonest,  and  is  usually 
rapid  in  onset,  though  it  may  have  been  preceded  by  premonitory 
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symptoms,  such  as  headaches,  numbness,  and  transient  paresis  of 
ocular  muscles.  Sensation  is  generally  unimpaired,  and  there  may 
or  may  not  be  associated  mental  disorder. 

The  spinal  cord  undergoes  changes  similar  to  those  seen  in  the 
brain,  and  often  associated  with  tliem.  The  lesions  are  not  restricted 
to  any  special  tract  or  region,  but  are  irregularly  distributed.  The 
membranes  and  the  posterior  columns  are,  however,  the  favourite  sites. 

The  sijmptoms  of  spinal  syphilis  vary  much,  owing  to  the  irregular 
distribution  of  the  lesions,  and  consist  chiefly  of  pain  along  the 
spine,  and  of  girdle-pain,  accompanied  by  motor,  sensory,  and  trophic 
symptoms.  Later  on  paraplegia  sets  in,  with  affections  of  the  bladder 
and  rectum. 

The  principal  tertiary  s}^)hilitic  lesions  of  the  spinal  system  are 
meningitis,  myelitis,  and  meningo-myelitis.  Meningitis  is  very  often 
an  early  affection.  Myelitis  may  be  acute  or  chronic  ;  the  former 
sets  in  suddenly  with  acute  and  severe  pain  somewhere  about  the 
dorso-lumbar  region,  followed  in  a  few  days  by  paraplegia,  both 
lower  limbs  being  totally  paralysed,  and  a  fatal  termination  very 
often  is  the  result.  Chronic  myelitis  is  the  commonest  S3'philitic 
affection  of  the  cord,  and  commences  with  sensations  of  numbness 
and  tingling  of  the  feet,  followed  after  a  long  period  by  affections  of 
the  bladder  and  rectum.  Sometimes  incontinence  takes  place  ;  at 
others  retention  is  the  rule.  The  disease  is  slow  in  its  progress,  but 
eventually  the  lower  limbs  become  partially  paralysed  ;  knee-jerks 
are  irregular,  being  more  marked  on  one  side  than  the  other  ;  and 
there  may  be  anaesthesia  or  hyperaesthesia  in  irregular  patches.  Cramps 
in  the  legs  are  also,  as  a  rule,  a  great  trouble.  The  disease  may  be 
arrested  in  its  progress,  but  such  cases  are  rare,  the  majority  of  patients, 
in  the  absence  of  early  treatment,  becoming  hopeless  paralytics. 

Leucocytosis  of  the  cerebro-spinai  fluid. — Widal  and 
Ravant  discovered  that  lympliocvtosis  of  the  cerebro-sjiinal  fluid 
always  accompanies  organic  disease  of  the  nervous  system,  more 
■especially  tuberculous  and  syphilitic  meningitis,  as  well  as  tabes  and 
general  paralysis,  but  that  it  is  absent  in  functional  diseases.  Hence 
they  advocate  liunbar  puncture  in  all  cases  of  syj)liilis  with  nervous 
symptoms,  the  presence  of  lymphocytosis  being  an  indication  for  ener- 
getic treatment.    Undoubtedly  this  is  a  valuable  means  of  diagnosis. 

Treatment  of  cerebro-spinai  syphilis.— Treatment  must 
be  commenced  as  soon  as  the  diagnosis  has  been  made.  To  be  of 
use,  treatment  must  be  of  an  intensive  character,  mercury  being,  as 
usual,  our  sheet  anchor.  By  far  the  best  form  of  administration  in 
these  cases  is  by  calomel  injections.  Oral  administration  under  such 
•conditions  is  practically  useless.  Failing  calomel  injections,  inunction 
•a  VAix  (Aix-la-Chapelle)  is  the  best.    I  have  seen  many  cases  of 
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cerebro-spinal  syphilis  make  wonderful  recoveries  under  the  injection 
of  calomel.  My  plan  is  to  give  gr.  |-  of  calomel  by  intramuscular 
injection  twice  a  week  for  four  weeks,  then  to  suspend  the  treatment 
for  a  period  of  two  weeks,  and  then  repeat  the  course,  at  the  same 
time  being  guided  by  the  symptoms,  etc.,  as  to  continuing  it  further. 
During  the  intervals  iodide  of  potassium  ought  to  be  given  in  not 
smaller  doses  than  gr.  xv  three  times  a  day  and  for  not  longer  than 
ten  days  at  a  time,  the  dose  being  gradually  increased  to  gr.  xxx 
three  times  a  day. 

PARASYPHILIS  OR  QUATERNARY  SYPHILIS 

Many  years,  it  may  be,  after  the  primary  sore,  and  after  any 
active  manifestations,  certain  diseases  may  follow,  not  directly  syphi- 
litic, but  dependent  in  some  way  upon  its  poison,  and  hence  termed 
parasyphilitic  affections,  the  chief  of  which  are  locomotor  ataxia, 
general  paralysis,  and  epilepsy.  Of  these  Fournier  and  Mott  main- 
tain that  tabes  and  general  paralysis  are  pathogenetically  identical, 
and  only  different  aspects  of  the  same  disease.  Both  are  caused 
by  syphilis  and  appear  about  the  same  time  after  infection  ;  the 
Argyll-Robertson  pupil  and  lymphocytosis  of  the  cerebro-spinal  fluid 
are  common  to  both.  These  authorities  also  hold  that  the  primary 
lesion  in  both  tabes  and  general  paralysis  is  the  same,  being  a  dys- 
trophy of  the  neurons,  the  sclerosis  and  thickening  of  the  membranes 
being  a  secondary  result  of  degeneration.'^ 

GENERAL  TREATMENT  OF  SYPHILIS 

Until  quite  recently  mercury  was  recognized  as  the  only  specific 
for  sypliilis,  but  now  there  is  reason  to  believe  that  in  derivatives  of 
arsenic  we  are  in  possession  of  a  second  ;  indeed,  this  is  certain  as 
far  as  concerns  their  power  of  preventing  the  occurrence  of  syphilitic 
symptoms  and  of  causing  their  disappearance  ;  but  whether  they 
are  capable  of  effecting  an  eventual  permanent  cure  remains  an  open 
question  which  can  only  be  finally  determined  by  time  and  further 
experience.  To  this  subject  I  shall  return  later  in  the  present 
article,  and  it  will  also  be  considered  by  other  writers  in  the  one 
which  follows. 

Abortive  treatment. — Many  attempts  have  been  made  by 
cauterization  and  excision  of  the  primary  lesion  to  prevent  consti- 
tutional infection,  but  they  have  invariably  failed.  Metchnikoff  has 
endeavoured  to  destroy  the  Spirochcete  pallida  in  situ  by  the  applica- 
tion of  a  30  per  cent,  calomel  ointment,  with  a  certain  amount  of 

1  I  have  dealt  in  detail  with  the  subject  of  parasyphilis,  and  also  with  the 
history  of  syphilis,  in  my  Manual  (Bailliere,  Tindall,  &  Cox). 
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success.  His  experiments  011  monkeys  proved  successful  in  prevent- 
ing the  development  of  the  disease  when  applied  to  the  point  of 
inoculation  within  an  liour  or  two  of  infection,  as  also  in  the  case 
of  the  medical  student  already  quoted,  in  whose  case  inunction  at  the 
point  of  inoculation  prevented  further  developments.  Neisser  says  : 
"  There  is  no  doubt  that  by  the  application  of  strong  mercurial  oint- 
ments very  many  syphilitic  infections  could  be  avoided,  and  I  hold 
it  to  be  the  duty  of  every  doctor  to  publish  this  fact  wherever  he 
can  and  to  advise  this  individual  prophylaxis."  This  question  may, 
at  present,  be  considered  to  be  suh  jiidice. 

Specific  medication. — Many  drugs  have  been  used  in  the 
treatment  of  syphilis,  among  others  sulphur,  arsenic,  gold,  silver, 
platinum,  sarsaparilla,  guaiacum,  sassafras,  and  many  other  vegetable 
preparations,  iodide  of  potassium,  and  last,  but,  needless  to  say,  not 
least,  mercury  and,  as  already  mentioned,  certain  derivatives  of  arsenic. 
But  most  of  these  have  long  since  ceased  to  be  employed  in  the  treat- 
ment of  syphilis.  Sarsaparilla  proves  of  benefit  in  sypliilis  in  certain 
circumstances ;  but  this  is  probably  due  more  to  its  tonic  and 
depurative  effects  than  to  any  specific  action.  At  one  time  iodide 
of  potassium  was  believed  to  be  a  true  specific  in  syphilis,  but  it  has 
long  since  been  relegated  to  the  position  of  a  mere  adjunct  to  the  real 
specifics,  mercury  and,  now,  the  arsenical  compounds. 

MERCURY 

In  spite  of  misuse  and  mistakes  in  the  past,  mercury  has  long 
established  itself  as  a  true  specific  in  syphilis  as  firmly  as  quinine  in 
malaria.  There  is  now  little  fear  of  mercury  if  properly  adminis- 
tered in  therapeutic  doses.  At  the  same  time,  certain  unpleasant 
effects  do  sometimes  ensue — namely,  salivation,  gastro-intestinal  dis- 
orders, cutaneous  eruptions,  and  disorders  of  nutrition. 

Salivation. — The  stomatitis  seen  to-day  is  generally  of  a  mild 
type,  and  does  not  damage  the  teeth  or  jaws  ;  yet  sometimes  even 
now  severe  cases  occur,  with  intense  inflammation  of  the  whole 
buccal  mucous  membrane,  accompanied  by  deep  ulceration,  local 
gangrene,  necrosis  of  the  jaw,  and  loss  of  teeth.  Stomatitis  of  this 
degree  of  severity  is  nearly  always  the  result  of  faulty  methods 
of  administration  or  of  neglect  of  oral  hygiene.  A  few  cases, 
however,  are  due  to  some  peculiar  intolerance  of  mercury  on  the 
part  of  the  patient. 

Before  beginning  a  course  of  mercury  all  old  tooth-stumps  should 
be  extracted  and  the  teeth  stopped  and  freed  from  tartar  ;  and  concise 
rules  should  be  given  to  the  patient  about  the  care  of  his  teeth  and 
gums  while  he  is  undergoing  mercurial  treatment.  He  should  be 
warned  as  to  the  necessity  of  washing  his  teeth  after  each  meal,  and 
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advised  to  use  frequently  some  mouth-wash,  such  as  chlorate  of 
potash  (gr.  v  to  the  ounce)  or,  better  : — 

1.  Plumbi  acetatis  5!.  I  2.  Aluminis  sulph.  5!. 

Aquam  ad  3  V.  |  Aquam  ad  3  V. 

Nos.  1  and  2  to  be  mixed  and  filtered. 

Or  the  gums  may  be  painted  three  times  a  day  with  peroxide  of 
hydrogen  or  with  perhydrol,  which  is  a  non-irritating  50  per  cent, 
solution  of  hydrogen  peroxide.  Another  excellent  application  in 
cases  showing  a  tendency  to  pyorrhoea  is  powdered  copper  sulphate, 
applied  to  the  roots  of  the  teeth  with  a  pointed  stick  or  match. 

Should  stomatitis  of  any  severity  occur,  mercury  must  be  stopped, 
saline  aperients  freely  administered,  and  a  mixture  of  chlorate  of 
potash  (gr.  xv  to  §i)  given  three  times  a  day.  Sweating  should 
be  induced  by  means  of  hot-air  or  Turkish  baths,  and  the  patient 
kept  as  much  as  possible  in  the  open  air.  In  such  cases,  the  greatest 
attention  must  be  paid  to  the  gums  and  teeth,  which  ought  to 
be  painted  frequently  during  the  day  with  either  perhydrol,  solu- 
tions of  chromic  acid,  or  sulphate  of  copper. 

Gastro-intestinal  complications  consist  of  pains  in  the 
stomach,  colic,  and  diarrhoea  ;  later  on,  of  dyspepsia  and  loss  of 
appetite.  Diarrhoea,  although  at  first  slight,  may  at  times  become 
very  severe  and  assume  dysenteric  characters,  with  the  passage  of 
blood,  slime,  and  mucus.  A  fatal  result  may  follow.  The  gastro- 
intestinal disturbance  is  followed  by  ansemia,  want  of  appetite,  and 
emaciation. 

Mercurial  treatment  should  he  commenced  immediately  the  disease 
lias  been  diagnosed,  and,  if  cure  rather  than  mere  palliation  be  desired, 
persisted  in  until  long  after  all  signs  have  disappeared. 

\         METHODS  OF  ADMINISTERING  MERCURY 

Mercury  may  be  introduced  into  the  system  by  various  methods, 
the  principal  being  : — 

1.  By  inunction. 

2.  By  ingestion. 

3.  By  intramuscular  injection. 

It  may  be  also  administered  by  intravenous  injection,  by  fumi- 
gation, by  suppositories,  or  by  inhalation  with  the  aid  of  Wallender's 
bag. 

The  points  to  be  considered  in  a  choice  of  method  are — 
Convenience  to  the  patient. 
Suitability  to  prolonged  use. 
Regularity  of  treatment. 
Rapidity  of  action  in  urgent  cases. 
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I.  THE  INUNCTION  OR  EXTERNAL  METHOD 

This  is  the  oldest  known  method  of  administering  mercury,  and 
was  employed  in  the  fifteenth  century.  Owing,  however,  to  the 
reckless  and  drastic  manner  in  which  it  was  carried  out,  it  gradu- 
ally but  entirely  lost  favour.  Many  and  ghastly  stories  of  disastrous 
effects  of  this  treatment  are  to  be  found  in  the  writings  of  Torella, 
van  Hutten,  and  other  writers  of  the  fifteenth  and  sixteenth  cen- 
turies. It  was  then  accompanied  by  severe  methods  of  sweating 
and  purgation.  Now,  however,  in  a  much  mildei  form,  it  has  re- 
gained favour  as  a  rapid  and  satisfactory  means  of  mercurialization. 
Rubbing  with  mercurial  ointment  of  a  known  strength,  combined 
with  mild  diaphoresis,  good  diet,  and  hygiene,  is  now  found  to  be 
sufficient,  without  the  purgmg,  bleeding,  and  profuse  sweating  and 
salivation  wliich  were  formerly  considered  necessary.  The  method 
of  inunction  has  especially  been  in  use  at  Aix-la-Chapelle  during  the 
last  century  and  a  half. 

Modern  technique  of  the  external  method. — The 
daily  routine  treatment  at  Aix  is  as  follows  : — 

1.  Early  each  morning,  a  visit  to  one  of  the  mineral  springs  and 
the  administration  of  one  or  two  glasses  of  the  sulphur  water. 

2.  Breakfast,  consisting  of  perliaps  one  egg,  bread  and  butter, 
and  coffee. 

3.  One  or  two  hours  later,  a  bath  of  natural  sulphur  water  at  a 
temperature  of  39°  C.  for  twenty-five  to  thirty  minutes. 

4.  Half  an  hour  later,  a  visit  from  a  professional  rubber,  who  rubs 
into  the  patient's  skin  75  grains  of  mercurial  ointment  of  about  the 
same  strength  as  the  ung.  hydrargyri  of  the  British  Pharmacopoeia. 
Each  rubbing  lasts  from  fifteen  to  twenty  minutes,  and,  in  order  to 
avoid  dermatitis  and  other  ill  effects,  it  is  applied  to  different  parts 
from  day  to  day,  the  changes  being  rung  on  the  arms,  forearms, 
chest,  back,  thighs,  legs,  flanks,  in  rotation. 

Composition  of  the  Aix  Wdter. — The  water  from  the  Aix 
springs  contains  from  22  to  28  grm.  of  sodium  chloride,  4  to  5  grm. 
of  sulphites,  and  8  to  12  grm.  of  carbonates  in  10,000  c.c  ,  and  has  a 
range  of  temperature  for  therapeutic  purposes  of  from  38°  0.  to 
72°  C. 

The  gaseous  constituents  absorbed  in  the  water  are — 

Nitrogen   9-00 

Carbonic  acid   89  40 

Carburetted  hyrlrogen      ......  0-37 

Sulpliuretted  hydrogen    ......  — 

Oxygen  .        .        .        ......  1-23 


100-00 


754 


ACQUIRED  SYPHILIS 


The  solid  constituents  of  Aix  water  (Liebig's  analysis  of  16  ozs. 


Troy  =  7,680  gr.)  are  : 

Chloride  of  sodium  . 

.  20-271 

Carbonate  of  magresia 

0-395 

Bromide  of  sodium  . 

0-028 

Carbonate  of  sti'ontia 

0002 

Iodide  of  sodium 

0004 

Carbonate  of  lithia  . 

0002 

Sulphuret  of  sodium  . 

0-073 

Carbonate  of  jjrotoxide  of 

Carbonate  of  soda 

4-995 

iron  .... 

0-073 

Sulphate  of  soda 

2171 

Silica  .... 

0-508 

Sulphate  of  potash  . 

1-186 

Organic  matter 

0-577 

Carbonate  of  lime 

1-217 

31-502 

The  drinking  of  800 

to  1,000 

grm.  of  the  sulphur  water 

daily 

improves  the  apjDetite,  increases  the  excretory  power  of  the  kidneys, 
and  regulates  the  bowels,  so  preventing  inflammation  of  the  intes- 
tines due  to  the  mercuiy. 

-  The  warm  soda  baths  cleanse  the  skin  of  excessive  and  diseased 
products  from  the  epidermis  and  glands,  and  by  rendering  the  skin 
more  pliable  and  porous,  and  by  stimulating  its  circulation,  facili- 
tate the  absorption  of  the  mercury  from  the  ointment.  That  rapid 
absorption  through  the  skin  does  actually  occur  is  proved  by  the 
appearance  of  mercury  in  the  urine,  by  the  occurrence  of  physiological 
eiiects,  especially  stomatitis,  and  by  the  production  of  therapeutic 
effects  which  are  often  intense. 

Mercurial  ointment  for  inunction. — ^At  Aix,  generally 
speaking,  the  ointment  used  is  ung.  hydrargyri  (G.P.). 

Sometimes  mercurial  soaps  are  used,  but  these  have  the  disad- 
vantage that  they  require  considerable  time  for  absorption.  On 
the  other  hand,  they  are  considered  to  be  cleaner  and  less  liable  to 
cause  irritation. 

At  the  Military  Hospital,  Rochester  Row,  the  following  ointment  is 
used  : — 

Ung.  hydrarg.       .        .        .        .        .        .        .    gr.  1. 

Lanoline  hydr.      .......    gr.  xxv. 

Adipis  benzoat.     .        ......    gr.  xxv. 

Dosage. — No  definite  rules  can  be  laid  down  as  to  the  actual 
dose  of  the  ointment,  as  it  depends  on  various  factors,  of  which 
the  chief  is  the  degree  of  tolerance  possessed  by  the  patient.  The 
average  dose  for  an  adult  is  3i>  but  in  some  tolerant  patients 
this  can  be  increased  to  3ii-  A  somewhat  smaller  dose  should  suffice 
for  a  woman,  whilst  for  an  infant  from  15  to  30  gr.  may  be  con- 
sidered safe. 

The  best  time  for  inunction  is  the  morning,  as  the  subsequent 
movements  during  the  day  favour  absorption. 

Mode  of  rubbing.— Rubbing  should,  if  possible,  be  carried  out 
by  trained  rubbers ;  it  should  be  done  slowly,  evenly,  and  with 
a  good  deal  of  pressure,  so  that,  when  finished,  the  part  so  treated 
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should  look  as  if  blacklead  had  been  used — shiny,  but  uot  greasy. 
Each  rubVjino;  sliould  last  from  fifteen  to  t\v  -nty  minutes. 

Number  of  rubbings. — A  course  of  rubbings  at  Aix  gener- 
ally lasts  six  weeks,  and  includes  forty  rubbings  ;  but  in  England, 
where  the  tolerance  brought  about  by  the  natural  bathing  water  is 
unobtainable,  the  rubbings  should  be  intermitted  after  the  thirtieth 
and  not  resumed  until  after  a  rest  of  at  least  two  months. 

Precautions  — During  and  for  some  time  after  a  course  of  inunc- 
tion the  greatest  attention  muit  be  paid  to  the  hygiene  of  the 
mouLh.  The  teeth  should  be  brushed  after  each  meal,  and  the 
mouth  frequently  washed  out  with  some  astringent  such  as  a  lead 
acetate  and  alum  wash.  Should  the  gums  become  sore,  they  may 
be  painted  two  or  three  times  a  day  with  perhydrol  or  peroxide  of 
hydrogen . 

The  diet  must  be  generous  and  should  include  plenty  of  new 
milk.  Spirits  should  be  forbidden  ;  but  beer,  claret,  and  hock  may 
be  allowed  in  moderation. 

Exercise  in  the  open  air  i.;  to  be  encouraged,  and  free  ven- 
tilation insisted  upon. 

The  advantages  claimed  for  the  inunction  method  are 
these  : — 

1.  The  therapeutic  effects  are  more  rapid  and  more  marked  than 
when  the  drug  is  given  by  the  mouth.  Inunction  often  cures  wlien 
other  methods  have  failed,  and  is  especially  useful  in  syphilitic  scleroses, 
such  as  the  primary  induration,  sclerotic  glossitis,  tabes,  etc. 

2.  It  rarely  affects  the  digestion.  It  is  therefore  preferable  to 
the  ingestion  method  in  subjects  liable  to  dyspepsia  or  diarrhea,  in 
infants  and  young  children,  and  in  those  in  whom  support  of  the 
general  condition  is  important. 

3.  It  leaves  the  stomach  available  for  the  administration  of  other 
remedies,  such  as  potassium  iodide,  cod-liver  oil,  tonics,  etc. 

Its  disadvantages  are- — 

1.  Its  necessarily  intermittent  character. 

2.  Its  liability  to  cause  dermatitis,  stomatitis,  and  occasionally 
diarrhoea.  Dermatitis  is  fairly  common  and  is  usually  limited  to 
the  sites  of  the  inunction  ;  it  then  generally  occurs  as  an  erythema, 
either  circumscribed  or  diffuse.  In  some  cases  it  may  appear  as 
an  eczema — a  deep-red  area  of  erythema  covered  with  vesicles  con- 
taining clear  fluid,  that  later  becomes  turbid,  and  accompanied  by 
inflammation,  swelling,  and  severe  itching.  Stomatitis  is  more 
common  with  inunction  than  with  any  other  method  of  introducing 
mercury,  and  is  more  likclv  to  be  severe.  Moreover,  the  stomatitis 
resulting  from  inunction  differs  from  that  caused  by  ingestion  of 
mercury  in  the  following  particulars,  viz.  :  Its  onset  is  sudden  and 
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without  warning ;  it  is  general  and  extensive  from  the  first,  instead 
of  spreading  gradually  from  localized  spots ;  it  is  more  intense,  and 
causes  more  salivation,  swelling  of  salivary  glands,  and  ulceration 
of  the  gums. 

3.  It  is  dirty,  inconvenient,  and  difficult  to  apply  efficiently  in 
ordinary  circumstances.  It  involves  the  giving  up  of  at  least  an  hour 
a  day  by  the  patient,  and  by  its  staining  of  linen  renders  secrecy 
difficult. 

Effects  on  rubbers. — I  have  never  seen  any  ill  effects  to 
rubbers,  although  following  the  custom  at  Aix,  where  no  artificial 
protection  for  the  hands  is  used.  At  Wiesbaden  and  other  places 
glass  balls  and  slabs  are  used  in  rubbing  ;  but  the  experience  at  Aix, 
which  coincides  with  my  own,  is  that  rubbing  can  be  done  much 
more  efficiently  with  the  bare  hand. 

Conclusion. — Until  recently  I  used  the  inunction  method  exten- 
sively for  sclerotic  and  for  cerebral  and  spinal  cases  ;  but  I  have  now 
replaced  it  in  my  practice  by  intramuscular  injections  of  calomel, 
on  account  of  the  more  rapid  and  intensive  action  of  the  latter 
method,  and  of  the  above-mentioned  disadvantages  of  inunction. 
I  believe  that  inunction  should  be  reserved  for  certain  forms  of 
cerebral  and  spinal  syphilis,  for  cases  which  have  proved  refractory 
to  other  methods,  and  for  cases  in  the  young. 

II.  THE  INGESTION  OR  INTERNAL  METHOD 

This  method  relies  upon  oral  administration  of  mercury  and  its 
subsequent  absorption  by  the  stomach  and  intestines.  It  is  the  plan 
usually  employed  to  this  day  in  British  practice.  Before  describing 
its  technique,  it  may  be  well  to  consider  its  advantages  and  dis- 
advantages. 

Advantages. — It  is  claimed  (1)  that  this  is  the  easiest  and  most 
convenient  method  for  the  patient,  and  (2)  that  it  is  free  from  certain 
dangers  and  inconveniences  inherent  in  other  methods,  e.g.  that  it 
is  less  likely  to  be  followed  by  stomatitis,  and  that  if  this  does  occur 
it  is  of  a  milder  type  than  that  caused  by  other  methods.  As  regards 
convenience,  however,  it  is  my  opinion  that  an  injection  once  a  week 
is  less  irksome  to  the  patient  than  the  necessity  for  medicine-taking 
three,  four,  or  perhaps  five  times  a  day  for  many  months.  Certainly 
the  stomatitis  may  be  less  severe  than  when  it  is  produced  by  inunc- 
tion or  intramuscular  injection  ;  but  it  is  none  the  less  frequent, 
especially  when  compared  with  the  intramuscular  method. 

Disadvantages. — The  drawbacks  of  the  ingestion  method  are  : 
(1)  Uncertainty  as  to  the  amount  of  the  drug  absorbed.  Mercurial 
pills  may  be  passed  through  the  intestine  unchanged.  (2)  There  is 
great  liability  to  gastro-intestinal  disturbance,  with  diarrhoea,  debility. 
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and  antemia.  The  mercury  then  has  to  be  intermitted,  and  the  syphilis 
gets  a  chance  to  re-establish  itself. 

(3)  Uncertainty  as  to  regularity  of  administration  owing  to  forget 
fulness  on  the  part  of  the  patient  or  to  his  deliberate  neglect  when 
the  symptoms  have  disappeared.    This  is  my  strongest  objection  to 
this  method. 

Technique  of  the  ingestion  method. — Many  prepara- 
tions are  in  use. 

1.  Proto-iodide  and  sublimate  have  proved  the  best  and  most 
reliable  of  all  mercurial  remedies  given  internally.  Perchloride  of 
mercury  (corrosive  sublimate)  has  been  and  is  the  most  popular  in 
England.  Among  other  celebrated  preparations  of  which  it  is  the 
basis,  Dupuytren's  pill  is  perhaps  the  most  famous.  The  formula 
is  as  follows  : — 

Perchloride  of  mercury  .        .        .        .    eg.  i  (gr. 

Ext.  of  opium      .        .        .        .        .        .    eg.  ii  (gr.  J). 

Ext.  of  guaiacum         .        .        .        .        .    eg.  iv  (gr.  f). 

It  also  enters  into  a  very  celebrated  French  preparation  which 
is  still  extensively  used  in  that  country,  viz.  van  Svvieten's  liquor  : — 

Perchloride  of  mercury  .....    grm.  1. 

Alcohol  (90  per  cent.)"  gnu.  100. 

Distilled  water      ......    grm.  900. 

The  strength  is  1  in  1,000,  so  that  each  tablespoon  contains  exactly 
11  eg.  of  corrosive  sublimate.  This  preparation  ought  to  be  taken 
well  diluted,  and  is  best  given  in  milk. 

Van  Swieten's  liquor  has  not  the  same  formula  in  all  countries. 
Thus,  the  French  liquor  is  stronger  than  that  of  the  Spanish  Phar- 
macopoeia, and  weaker  than  the  English. 

Sublimate  also  forms  the  basis  of  various  other  preparations,  e.g. 
Hoffmann's  pill,  which  is  composed  of  sublimate,  distilled  water, 
and  bread-crumbs  ;  and  Chomel's  pill,  consisting  of  equal  parts  of 
sublimate  and  extract  of  opium  (|  eg.  in  each  pill). 

Fournier  suggests  the  following  modification  of  Dupuytren's  pill 

as  containing  less  opium : — 

Perchloride  of  mercury)  .  ,      ...  ,  ... 

-c.  ,      c      .  •'  ,  .        .    aa  Cii.  1  (wr.  {■)  for  each  pill. 

Ext.  of  opmm  •  ^      \o     b/  i 

These  pills  are  best  taken  during  or  before  meals. 

Proto-iodide  of  mercury  is  a  salt  of  greenish-yellow  colour,  chang- 
ing with  the  light,  almost  insoluble  in  water,  and  insoluble  in  alcohol. 
It  was  introduced  into  therapeutics  by  Biett,  and  popularized  by 
Ricord,  whose  pill  contains  .}^^  grm.  of  the  proto-iodide  and  grm.  of 
extract  of  opium. 

In  France  the  proto-iodide  is  the  more  popular,  whereas  the  per- 
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chloride  enjoys  the  preference  in  England.  The  proto-iodide  is  the 
more  apt  to  cause  salivation,  possibly  on  account  of  the  larger  dose 
required  to  produce  its  effects.  AVomen  show  less  buccal  tolerance  of 
the  proto-iodide  than  men.  For  men  a  daily  dose  of  f  gr.  is  inofiensive, 
and  in  nine  cases  out  of  ten  1|  gr.  is  tolerated  without  evil  effect  if 
buccal  hygiene  is  attended  to.  Sometimes  a  daily  dose  of  as  much 
as  3  gr.  can  be  taken.  Women,  however,  can  only  take  an  average 
daily  dose  of  1  gr.  of  the  proto-iodide. 

The  action  on  the  digestive  organs  of  the  two  preparations  under 
consideration  presents  notable  differences.  In  therapeutic  doses 
sublimate  aft'ects  the  stomach  rather  than  the  intestine ;  though 
rarely  producing  diarrhoea,  even  in  moderate  doses,  it  may  cause 
gastric  cramps,  pains,  and  uncomfortable  sensations,  which  may  be 
of  such  severity  as  to  necessitate  intermission  of  the  treatment. 
Women  suffer  so  much  more  frequently  from  this  "  sublimate  gas- 
tralgia  "  that  it  is  a  question  whether  they  should  not  always  be 
treated  with  some  other  preparation.  To  secure  tolerance  by  the 
stomach,  care  should  be  taken  not  to  prescribe  sublimate  in  too  large 
doses  or  for  too  long  a  period.  I  find  it  necessary  to  make  it  a  rule 
never  to  prescribe  the  perchloride  for  more  than  a  month  at  a  time. 

The  proto-iodide  seldom  or  never  affects  the  stomach,  but  in 
almost  every  case  at  first  causes  slight  attacks  of  colic  and  "  pre- 
monitory "  diarrhoea,  which,  however,  soon  pass  off.  Some  patients 
have  no  further  trouble  during  a  long  course  of  this  salt,  whereas 
others  are  liable  to  sudden  attacks  of  diarrhoea  varying  in  intensity 
from  the  slight  and  temporary  to  the  severe,  dysenteric,  and  long- 
standing. Sublimate,  on  the  other  hand,  rarely  affects  the  intes- 
tine or  causes  diarrhoea. 

Stomatitis  is  common  with  the  proto-iodide,  and  but  slight  with 
sublimate. 

Both  the  sublimate  and  the  proto-iodide  are  excellent  remedies. 
It  may  be  affirmed  that  usually  the  proto-iodide  is  more  suitable 
and  more  active  in  the  early  secondary  stage,  both  because  sublimate 
is  apt  to  cause  slow  disappearance  and  to  permit  reproduction  of  the 
early  secondary  lesions,  and  because  the  proto-iodide  can  be  adminis- 
tered for  a  larger  period  without  harm.  On  the  other  hand,  sublimate 
is  preferable  in  the  later  stages  on  account  of  its  greater  influence 
over  the  later  secondary  and  tertiary  lesions  and  of  its  better  com- 
.bination  Avith  potassium  iodide.  In  patients  with  bad  teeth,  sub- 
limate, as  the  drug  less  likely  to  cause  salivation,  should  be  chosen  ; 
whereas  in  those  already  the  subjects  of  dyspepsia  the  proto-iodide  is 
the  better. 

Sublimate  may  be  prescribed  in  the  form  of  van  Swieten's  liquor 
(p.  757),  of  Dupuytren's  pill  (or,  better,  Fournier's  modification  of  it— 
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p.  757),  or  of  a  mixture  of  aqueous  solution  with  some  tonic  infusion. 
I  cannot  but  condemn  the  practice,  so  common  in  England,  of  pre- 
scribing liquor  hydrargyri  perchloridi  with  potassium  iodide  for  long 
periods.  Owing  to  its  insolubility  the  proto-iodide  can  only  be 
used  in  the  form  of  pills,  either  as  Ricord's  pill  or  as  Fournier's 
modification  :  Proto-iodide  of  mercury,  5  eg.  (gr.  f.)  ;  extract  of 
opium,  1  eg.  (gr.  -J).  I  think  it  unnecessary,  however,  to  use  pills 
containing  opium  as  a  routine  measure.  This  drug  has  no  curative 
action,  and  should  be  only  added  when  required. 

The  dosage  requires  adaptation  to  each  individual  case  in  order 
to  secure  full  therapeutic  effect  combined  with  safety.  Since  no  two 
cases  tolerate  mercury  alike,  dogmatic  statements  of  the  optimum 
dose  are  impossible.  On  the  average,  however,  sublimate  may  be 
given  in  daily  doses  of  J  gr.  for  a  man  and  J  gr.  for  a  woman  ; 
whilst,  as  I  have  said,  the  dose  of  proto-iodide  is  1^  gr.  daily  for  a 
man  and  1  gr.  daily  for  a  woman.  A  larger  dose  is  required  to  aftect 
some  syphilitic  manifestations  (e.g.  cerebral  syphilis)  than  to  cause  dis- 
appearance of  others  (e.g.  roseola  or  any  of  the  generalized  syphilides). 

2.  Metallic  mercury  enters  into  many  frequently  used  pre- 
scriptions, such  as  : 

(a)  "  Blue  Pill  "— 

Purified  mercury      ......    grm.  v. 

Powdered  liquorice  ......    grm.  iiss. 

Confection  of  roses  ......    grm.  viiss. 

Div'ide  into  100  x^ills,  each  containing  5  eg.  of  mercury. 

(&)  "  Sedillot's  Pills  "— 

Mercurial  ointment  ......  grm.  xxx. 

Powdered  soap         ......  grm.  xx. 

Powdered  liquorice  ......  grm.  x. 

Divide  into  20  pills. 

(c)  English  "  Grey  Powder."'    This  is  the  favourite  prepara- 
tion in  England  — 

Mercury  ........    1  part. 

Powdered  chalk       .        .        .        .        .        .3  parts. 

{(1)  "Hutchinson's  PiU 

Hydrargyri  cum  creta      .        .        .        .        •    gr.  i. 

Pulveris  ipecac,  co.  .....    gr.  i. 

Misce,  fiat  pil. 

(e)  "Pil.  Ferri  Redacti"— 

Hj'drargyri  cum  creta      .        .        .        .        •  gr.  ii- 

Ferri  redacti    .......  gr.  ii. 

Pulveris  ipecac,  co.  .        .        .        .        .        .  gr.  i. 

Misce,  fiat  pil. 
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3.  Calomel  is  not  much  used  internally,  owing  to  its  liability 
to  cause  diarrhoea  and  stomatitis.  It  is  a  constituent  of  Plummer's 
pill. 

4.  Tannate  of  mercury  is  not  a  definite  compound,  and,  in 
spite  of  the  advantages  claimed  for  it,  is  not  to  be  recommended. 

5.  Biniodide  of  mercury  is  very  toxic,  but  is  sometimes  used 
in  conjunction  with  potassium  iodide. 

6.  Salicylate  of  mercury. 

Remarks  on  the  internal  method — After  many  years' 
experience  of  the  internal  use  of  most  of  the  preparations  above  de- 
scribed, I  have  largely  abandoned  the  ingestive  in  favour  of  one  of 
the  external  methods  of  application.  I  was  influenced  by  the  fact 
that  gastro-intestinal  disturbances  after  a  month  or  six  weeks  were 
apt  to  interfere  with  the  nutrition  of  the  patient  and  with  the  further 
continuous  treatment  of  the  disease  ;  also  that  I  felt  no  certainty 
of  persistence  of  the  patient  in  regular  treatment,  especially  after 
the  urgent  symptoms  had  disappeared.  Moreover,  I  believe  that 
ia  some  cases  the  system  becomes  inured  to  mercury  administered 
by  the  internal  method,  so  that  the  drug  apparently  loses  its  physio- 
logical effects  ;  while  in  other  cases  it  is  rejected  unabsorbed. 

III.  THE  INTRAMUSCULAR  METHOD 

This  method  consists  of  the  injection  of  mercurial  preparations 
deep  into  the  muscles,  with  a  view  to  their  absorption  into  the  cir- 
culatory system.  First  introduced  by  Scarenzio  of  Pavia  in  1864, 
it  was  abandoned  on  account  of  certain  accidents,  such  as  abscesses. 
The  history  of  this  method  may  be  divided  into  three  periods — (1) 
that  of  Scarenzio,  (2)  that  of  Smirnoff,  and  (3)  that  of  Balzer. 
Scarenzio  gave  subcutaneous  injections  of  yellow  oxide  of  mercury, 
but  soon  replaced  this  by  calomel.  As  an  excipient,  he  first  used 
glycerine  ;  but  afterwards,  on  account  of  its  irritating  properties, 
he  substituted  for  it  gum-water.  Owing  to  abscess-formation,  the 
method  had  many  opponents,  and  was  gradually  dropped  within  a 
few  years,  but  was  reintroduced  in  1882  by  Smirnoff,  who  showed 
that  with  antiseptic  precautions  abscesses  could  be  prevented,  and 
succeeded  in  reviving  the  subcutaneous  method  for  a  time  ;  but, 
although  abscesses  were  much  rarer,  they  were  still  frequent  enough 
to  bring  discredit  again  on  the  method. 

In  1888,  Balzer  showed  the  abscess  formation  to  be  partly  due 
to  the  subcutaneous  position,  and  partly  to  the  unsuitability  of  the 
vehicles  in  use.  He  advocated  deep  intramuscular  injection  and 
the  substitution  of  liquid  paraffin  as  the  vehicle,  in  place  of  gum- 
water,  glycerine,  and  olive  oil.  His  suggestions  led  to  the  wide  adop- 
tion of  the  intramuscular  method  on  the  Continent,  although  it  has 
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not  been  used  to  so  great  an  extent  in  England.  In  the  Army,  how- 
ever, since  1889  it  has  steadily  gained  in  favour,  and  has  been  attended 
by  brilliant  results,  especially  in  India,  where  the  rates  of  invaliding 
and  death  from  syphilis  have  declined  to  about  two-fifths  of  their 
former  numl)er. 

The  advantages  of  the  intramuscular  method  are  : — 

1.  It  ensures  regularity  of  treatment,  inasmuch  as  this  lies  in 
the  hands  of  the  medical  adviser  instead  of  in  those  of  the  patient. 

2.  It  is  convenient  to  the  patient,  the  only  inconvenience  being 
the  necessity  for  a  weekly  visit  to  the  medical  adviser  (if  the  insoluble 
preparations  be  used),  as  compared  with  the  daily  waste  of  an  hour 
in  the  inunction  method,  or  the  taking  of  medicine  three  or  four  times 
a  day  over  many  months  in  the  ingestion  method. 

3.  It  permits  more  accurate  dosage.  It  must  be  admitted,  how- 
ever, that  although  usually  a  dose  injected  is  wholly  absorbed,  this 
is  not  always  so,  for  sometimes  the  mercurial  deposit  becomes  sur- 
rounded by  inflammatory  tissue.  Even  so  the  dosage  is  more  accurate 
by  this  method  than  by  either  the  inunction  or  the  ingestion  method, 
in  which  the  amount  absorbed  is  quite  unknown. 

4.  There  is  less  interference  with  the  gastro-intestinal  system, 
and  less  chance  of  stomatitis.  Although  stomatitis  sometimes  occurs, 
it  does  so  more  rarely  than  if  the  ingestion  or  the  inunction  plan 
has  been  adopted. 

5.  It  leaves  the  stomach  available  for  the  reception  of  other 
remedies.    This  advantage  is  shared  by  the  inimction  method. 

6.  The  therapeutic  intensity  and  physiological  effects  on  the 
symptoms  of  the  disease  are  more  marked  and  more  lasting.  It  has 
a  powerful  and  energetic  mercurializing  action  on  most  syphilitic 
manifestations. 

7.  It  does  not  exaggerate  the  moral  and  mental  effect  of  the 
disease.  In  some  patients,  especially  among  the  educated  classes, 
the  mere  knowledge  of  infection  and  the  constant  reminder  neces- 
sitated by  the  other  forms  of  treatment  induce  a  state  of  melancholy 
and  syphilophobia,  which  may  be  one  of  the  greatest  difficulties  in 
the  treatment  of  the  case.  By  the  intramuscular  treatment  the 
reminder  need  only  be  given  once  a  week,  or  even  once  a  fortnight. 
I  look  upon  this  as  an  important  advantage  gained  by  the  intra- 
muscular method  of  treatment. 

The  disadvantages  of  the  intramuscular  method  are  said  to 
be  the  following  : — 

1.  Pain  at  the  site  of  injection,  varying  greatly  with  the 
patient  and  with  the  preparation  of  mercury  employed.  It  is  usually 
present  when  the  soluble  salts  are  used,  whereas  with  the  newer 
preparations  of  the  insoluble  salts,  even  calomel,  it  is  not  experienced 
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to  any  great  extent.  A  few  neurotic  patients  complain  of  severe 
pain  ;  a  few  others  of  a  slight,  dull  aching  pain,  with  some  stiffness, 
lasting  for  one  or  two  days  ;  but  the  majority  assert  that  pain  is 
altogether  absent  or  is  insignificant. 

2.  Nodosities  and  abscesses. — These  are  things  of  the  past, 
owing  to  improved  technique.  Although  nodosities  were  fairly 
common  in  former  years,  I  have  seen  them  but  rarely  since  using 
boiling  oil  for  sterilizing  needles  and  syringes.  Abscesses  are  due 
entirely  to  faulty  antiseptic  detail. 

3.  Occurrences  of  embolism. — Although  cases  are  reported 
from  time  to  time,  I  have  never  seen  one  in  my  extensive  experience 
of  this  method. 

Soluble  and  Insoluble  Salts 

The  intramuscular  method  involves  either  the  frequent  injection 
of  soluble  salts  or  the  infrequent  injection  of  insoluble  salts. 

Soluble  salts. — The  method  of  frequent  injection  consists  of 
a  series  of  mercurial  injections  practised  daily  for  five  or  six 
weeks.  The  preparations  used  for  this  purpose  are  nearly  all  soluble. 
The  following  are  some  of  the  formulae  in  which  they  are  generally 
prescribed  : — 

PercMoride  0/  Mercury 
Hydrarg.  percliloridi     .        ,        ,        .        .        •    gr.  iii. 
AquiB  .........  5i. 

Dose :   Tl\x  for  an  injection. 
Hydrarg.  perchloridi      .        .        .        .        .        .    gr.  x. 

Ammon.  chloridi  .        .       .        .        .        .        .    gr.  v. 

Aquse   .........  3i. 

Dose:   n\x  for  an  injection. 

Cyanide  of  Mercury 
Hydrarg.  cyanidi  .        .        .        .        .        .        .    gr.  i. 

Cocainse  hydrocliloridi    .        .        .        .        .        .    gr.  i. 

Aquae  destil.         .......  5X. 

Dose  :   Tllx  for  an  injection. 

Peptonate  of  mercury  is  a  solution  in  glycerine  and  water  of 
a  mixture  of  peptone,  sublimate,  and  ammonium  chloride.  It  con- 
tains about  1  eg.  of  bichloride  in  1  cm.  of  distilled  water,  and  is  said 
to  be  better  tolerated  than  sublimate. 

Benzoate  of  mercury  is  rendered  soluble  by  chloride  of 
sodium,  and  is  prescribed  thus  for  daily  injection  : — 

Hydrarg.  benzoatis  ~|  . .  3 

Ammon.  benzoatis   /  .....    aa  gr.  4 

Aquse  destil.       .......  3iss. 

Biniodide  of  mercury  oil  was  introduced  by  Panas  ;  1  c.c. 
contains  yV  gr.  of  the  biniodide.  It  is  an  active  and  safe  remedy, 
is  well  tolerated  as  an  injection,  and  causes  little  pain  or  local  trouble  ; 
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but  although  active,  it  has  only  medium  intensity,  and  in  this  respect 
compares  unfavourably  with  either  calomel  or  metallic  mercury. 
The  dose  recommended  (,V  gi'-)  is  too  small  to  produce  therapeutic 
effects  ;  at  least  I  gr.  should  be  used.  If  injected  in  concentrated 
form  the  biniodide  is  liable  to  produce  pain  and  nodosities. 

Sozoiodolate  of  mercury  is  generally  prescribed  for  injection 
purposes  thus  : — 

Sod.  iodi         .        .  .        .  .  .        .        .    gr.  X. 

Hydrarg.  sozoiodol  .        .  .  .        .        .    gr.  v. 

Aquae      .        .        .  .        .  .  .        .        .  Tllcc. 

Dose:  ri\x  to  Illxii  as  an  injection  four  or  five  times  a  week. 

Although  when  introduced  the  sozoiodolate  was  praised  very  loudly, 
when  using  soluble  injections  I  found  it  inferior  in  therapeutic 
intensity  to  almost  any  of  the  other  salts. 

Succinimide  of  mercury  has  also  been  highly  recommended, 
and  is  freely  used  at  present : — 

Hydrarg.  succinat.   .        .        .        .        .        .        .  gr.  ii. 

Cocain.  hydrochlor.  .......  gr.  iii. 

Aqua3      .        .        .        .        .        .        .        .        .  :ii. 

Doso  :   \]]x  as  an  injection  daily. 

Comparative  merits  of  the  soluble  and  insoluble  salts. 

At  one  time  opinions  were  equally  divided  as  to  the  merits  of  the 
soluble  and  the  insoluble  salts  for  injection,  but  the  insoluble  are 
now  greatly  favoured.  Although  the  innnediate  effects  on  early 
syphilitic  lesions  of  injection  of  the  soluble  salts,  esjjecially  the 
bichloride  and  biniodide,  are  excellent,  their  curative  or  preven- 
tive action  is  weak.  They  have  little  effect  on  the  lesions  of  the 
advanced  stages,  and  permit  recurrences  more  frequently  than  does 
inunction  or  the  injection  of  the  insoluble  preparations. 

The  chief  disadvantages  of  the  method  of  frequent  injection  of 
soluble  salts  are  :  (1)  The  injections  are  always  more  or  less  pain- 
ful. This,  in  view  of  the  necessity  for  frequent,  almost  daily,  adminis- 
tration, is  a  serious  obstacle.  (2)  They  are  absorbed  and  eliminated 
too  rapidly  ;  the  spirochfctc  is  found  to  reappear  very  soon  after 
the  discontmuance  of  injection.  (3)  They  require  to  be  injected 
very  frequently,  usually  daily,  and  therefore  subject  the  patient  to 
considerable  inconvenience.  Experience  has  converted  me  from  a 
firm  belief  in  the  superior  efhcacy  of  the  soluble  salts  to  a  conviction 
of  the  greatly  superior  qualities  of  the  insolul)Ie  preparations  as  a 
routine  treatment. 

Insoluble  salts.— The  method  of  infrequent  injections  of 
insoluble  salts  has  the  advantage  that,  owing  to  the  slow  absorp- 
tion and  elimination  of  the  salts,  the  patient  may  be  continu- 
ously kept  under  the  influence  of  mercury  during  the  two  years 
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at  least  required  for  cure,  although  the  administrations  are  them- 
selves intermittent. 

The  insoluble  preparations  used  in  this  method  are  metallic 
mercury  itself  and  calomel.  Salicylate  of  mercury  is  also  sometimes, 
though  not  nearly  so  frequently,  employed.  The  yellow  oxide  which 
was  originally  used  has  long  been  superseded. 

Metallic  mercury  was  introduced  by  Lang  of  Vienna,  in  the 
form  of  grey  oil  (oleum  cinereum),  consisting  of  mercury  in  a  state 
of  fine  division  suspended  in  a  liquid  fat ;  it  contains  40  per  cent,  of 
mercury.  Guided  by  an  experience  of  twenty-five  years  of  the  use 
of  metallic  mercury,  with  ample  opportunity  of  comparison  with 
other  methods,  I  am  confirmed  in  my  belief  that  although  its  thera- 
peutic intensity  is  less  than  that  of  calomel,  its  curative  and  preven- 
tive effects  are  greater,  and  that  therefore  it  easily  holds  the  premier 
place  among  the  remedies  for  syphilis. 

Its  advantages  are  : — 

1.  It  is  slowly  absorbed  and  very  slowly  excreted,  and  therefore 
is  superior  in  its  lasting  effects  to  the  other  preparations  of  mercury. 
As  a  general  rule,  the  preparations  that  are  quickly  absorbed  are 
quickly  eliminated.  The  rate  of  absorption  of  mercury  given  by 
mouth  is  uncertain ;  the  soluble  salts  of  mercury  and  the  salicylate 
of  mercury  given  by  injection  are  quickly  absorbed  and  eliminated. 
Calomel  is  slowly  but  powerfully  absorbed,  and  eliminated  fairly 
quickly,  whilst  metallic  mercury  is  very  slowly  absorbed  and  very 
slowly  excreted. 

2.  It  is  less  likely  to  produce  stomatitis  than  are  other  pre- 
parations. 

3.  It  requires  to  be  injected  only  at  comparatively  long  intervals. 

4.  It  is  practically  painless. 

5.  With  the  single  exception  of  calomel,  the  therapeutic  intensity 
of  metallic  mercury  is  greater  than  that  of  any  other  preparation. 
It  is  better  tolerated  than  calomel,  and  possesses  curative  and  pre- 
ventive effects  superior  to  those  of  calomel  or  any  other  mercurial 
preparation. 

6.  Its  therapeutic  effects  are  more  lasting  than  those  of  any 
other  preparations.  This  statement  is  strengthened  by  observation 
of  the  behaviour  of  the  spirochsete  under  its  influence.  At  the 
Military  Hospital,  Rochester  Row,  it  was  found  that  although  the 
organisms  disappear  with  about  the  same  rapidity  under  almost  any 
form  of  mercurial  injection,  they  do  not  reappear  on  discontinuance 
until  after  a  much  longer  period  if  metallic  mercury  has  been  used. 
Gagniere  studied  the  modifications  in  the  blood  caused  by  injection 
of  metallic  mercury,  and  has  demonstrated  that  the  corpuscles  and 
the  hremogiobin  increase  after  the  second  injection,  and  generally 
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diminish  after  the  fifth.  He  therefore  advises  that  not  more  than 
five  consecutive  injections  be  given. 

The  preparations  of  metallic  mercurij  used  must  be  liomogeneous 
and  capable  of  injection,  wliilst  at  tlie  same  time  they  should  be  of 
such  consistence  as  to  hold  the  mercury  in  suspension.  They  should 
be  non-toxic,  non-irritating,  sterile,  and  chemically  pure. 

Lang's  latest  modification  of  his  oleum  cinereura  is  as  follows  : — 

Metallic  mercury     .......    2  parts 

Sterilized  and  anhydrous  lanoline    •        .        .        .1  part 
Sterilized  liquid  paraffin.        .        .        .        .        .    1  ,, 

=  50  per  cent,  of  mercury. 

Dose  :  gr.  f  of  mercury. 
Lafay's  formula  : — 

Metallic  mercury    .......    40  parts 

Sterilized  anhydrous  lanoline  .        .        .        .        .     12  ,, 

Sterilized  white  vaseline         .        .        .        .        .    13  ,, 

Sterilized  oil  of  vaseline         .        ....    3.5  ,, 

=  40  per  cent,  of  mercury. 

Dose  :  gr.  i  to  ii  of  nrercury. 

Lambkin's  original  formula  : — 

Pure  metallic  mercury    .        .        .        .        .        •  si- 

Anhydrous  lanoline        ......  5iv. 

Liquid  paraffin  (carbol.  2  per  cent.)        .        .        .    ad  5X. 
=  by  volume  10  per  cent,  of  mercury. 
Dose  :  Il\x  to  xv. 

The  last  is  the  mercurial  cream  that  has  been  in  use  in  the 
British  Army  during  the  last  ten  years.  Although  it  has  yielded 
brilliant  results,  it  must  be  acknowledged  that,  owing  to  the  insolu- 
bility in  the  organism  of  the  vehicles  used  for  the  suspension  of  the 
mercury,  it,  like  all  the  other  preparations  of  the  insoluble  salts,  was 
liable  to  the  grave  objection  that  it  entered  the  circulation  as  a  foreign 
body,  and  as  such  produced  nodosities,  abscesses,  and  embolism.  I 
overcame  this  difficulty  by  using  palmitin  as  a  vehicle  in  place 
of  lanoline.  Palmitin  is  a  neutral  fat  derived  from  palm  oil,  and  has 
the  same  chemical  composition  as  the  palmitin  of  the  human  syst«m. 
It  is  easily  saponified  in  the  fluids  of  the  tissues,  being  converted  into 
a  soluble  alkaline  palmitate  and  glycerine.  The  advantages  claimed 
for  it  as  a  vehicle  are  : — 

1.  Being  already  a  normal  constituent  of  the  human  tissues,  it  is 
easily  saponified  and  soluble  therein,  and  does  not  enter  the  cir- 
culation as  a  foreign  body. 

2.  It  is  non-irritant  and  non-toxic. 

3.  It  is  not  so  easily  oxidized  as  the  other  compounds  of 
human  fat. 

4.  Its  melting-point  can  be  raised  or  lowered  with  the  greatest 
facility. 
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5.  As  a  veliicle  it  makes  a  more  homogeneous  preparation  for 
injection  purposes  than  any  other. 

Great  care  is  necessary  to  procure  the  pahnitin  pure  in  the  form 
of  a  snow-white,  flocculent  powder. 

Pain  following  injection,  especially  of  calomel,  is  sometimes  a 
serious  obstacle  to  treatment,  inasmuch  as  the  patient  becomes 
"  needle-shy  "  and  is  apt  to  neglect  treatment.  Various  substances 
have  therefore  been  introduced  into  the  mercurial  preparations  for 
the  avoidance  of  the  pain.  Morphia,  cocaine,  j8-eucaine,  etc.,  will 
diminish  discomfort  immediately  following  the  injection,  but  unfor- 
tunately have  no  effect  upon  the  more  troublesome  pain  which  occurs 
on  the  second  or  third  day  after  the  injection.  This  symptom  was 
often  so  severe  after  calomel  that  that  drug  had  to  be  almost  aban- 
doned, and  reserved  for  severe  cases  in  which  pain  was  a  matter  of 
secondar}^  consideration.  To  obviate  this  disadvantage  I  added  to 
my  latest  mercurial  preparation  equal  parts  of  absolute  creosote  and 
camphoric  acid — a  combination  which  has  proved  a  complete  success, 
as  it  renders  injection,  even  of  calomel,  quite  painless.  It  also 
possesses  very  useful  attributes  :  it  is  non-toxic,  strongly  antiseptic, 
and,  being  viscid,  is  a  valuable  adjuvant  to  the  pahnitin  in  making 
up  the  vehicle.    The  following  is  the  formula  for  the  metallic  cream  : — 

Pure  mercury        .......    grm.  x. 

"  Creo-camph  "  ^    .......    c.c.  xx. 

Palmitin       .        ......       ad  c.c.  c. 

Vi\x  contains  1  gr.  of  metallic  mercury. 

The  greatest  care  must  be  exercised  in  seeing  that  the  cream  is 
of  proper  consistence.  It  should  be  kept  in  wide-mouthed  glass 
bottles,  and  only  removed  when  required  for  injection  purposes.  No 
attempt  should  be  made  to  sterilize  the  cream,  as  it  is  already  sterile 
and  antiseptic  (Leishman).  Before  use  it  should  be  well  stirred  up 
with  a  glass  rod.  In  cold  climates  the  cream  is  liable  to  become  semi- 
solid, and  it  may  require  gentle  heating  in  a  warm  bath.  In  the 
tropics  the  reverse  occurs,  and  there  the  bottle  containing  the  cream 
should  always  be  kept  on  ice.  It  is  advisable  that  the  melting-point 
of  this  cream  should  be  regulated  to  suit  the  climate.  In  England 
we  find  a  cream  with  a  melting-point  of  35°  C.  is  the  best,  whilst  in 
the  creams  sent  to  the  tropics  it  is  raised  to  37°  C. 

Tliis  form  of  metallic  mercury  has  only  one  real  disadvantage,  viz. 
that  should  salivation  take  place  after  an  injection  it  is  difficult  to 
control,  unless  the  mercury  can  be  removed  by  operation.  I  have 
never  seen  a  case  require  so  severe  a  measure,  and  think  that  the  re- 
ported cases  were  the  effect  of  excessive  dosage  ;  if  the  quantity  does 
not  exceed  1 J  gr.  per  week,  severe  progressive  stomatitis  will  not  occur. 
1  Equal  parts  of  absolute  creosote  and  camphorio  acid. 
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Calomel. — Tkis  has  long  proved  itself  to  be  the  most  potent  salt 
of  mercury  in  its  power  over  syphilis  in  all  stages.  It  acts  energetic- 
ally in  acute  as  in  old-standing  cases,  but,  owing  to  the  disadvantage 
already  stated  above,  it  has  been  limited  to  the  treatment  of  certain 
special  cases.  Now,  however,  the  pain  which  was  at  times  almost 
intolerable  can  be  controlled  by  the  use  of  the  creosote  and  camphoric- 
acid  combination  already  described.  For  some  years  past  I  have 
been  using  calomel  with  impunity.  The  following  is  the  formula  for 
calomel  cream  : — 

Calomel  purified    .......    grm.  v. 

"  Creo-cainph "     .        .        .        .        .        .        .    c.c.  xx. 

Pahnitin  basis      ......       ad  c.c.  c. 

Il[x  =  calomel  i  gr. 
Dose  :   Vi\x  to  Il\xv  pev  week. 

The  action  of  calomel,  although  remarkably  energetic  and  rapid,  is 
short-lived  as  compared  with  that  of  metallic  mercury.  Hence  it 
will  never  take  the  place  of  the  latter  in  the  routine  treatment  of 
syphilis,  but  will  be  reserved  more  for  dispersing  early  signs  and  for 
cases  (e.g.  cerebral  and  spinal  cases)  in  which  a  rapid  action  is 
desired. 

Salicylate  of  mercury  is  much  used  on  the  Continent,  especi- 
ally in  Germany.  For  some  time  I  employed  it  fairly  extensively, 
giving  J  gr.  suspended  in  liquid  paraffin  twice  a  week,  but  I  found 
it  inferior  to  either  mercury  or  calomel. 

Technique  of  the  intramuscular  method. — The  follow- 
ing rules  should  be  strictly  adhered  to  : — 

1.  The  syringe  should  be  of  glass. 

2.  The  needles  must  be  of  either  platinum-iridium  or  gold  ; 

maximum  length,  inch.  Steel  needles  should  not  be 
used,  as  they  are  apt  to  snap. 

3.  The  points  of  the  needles  must  be  kept  keen  to  facilitate 

penetration  and  thus  lessen  pain. 

4.  Both  needles  and  syringe  should  b_'  thoroughly  sterilized 

in  oil  heated  to  160°  F. 

5.  The  injections  must  be  given  "  into  the  muscles,"  and 

not  subcutaneously. 

6.  The  skin  over  the  site  of  injection  is  to  be  cleansed  and 

Bwabbed  over  with  an  antiseptic  lotion  before  being 
punctured. 

7.  The  syringe  must  be  laid  on  a  cloth  wrung  out  of  1  in  20 

carbolic-acid  solution. 

8.  No  cotton-wool  or  other  fluffy  material  is  to  be  used  for 

wiping  the  needles  ;  they  must  be  wiped  with  pieces  of 
sterilized  linen  or  gauze. 
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9.  The  best  sites  for  injection  are — 

(a)  The  upper  third  of  the  buttock. 
(6)  The  retrotrochanteric  fossa,  and 
(c)  The  lumbar  muscles. 

10.  The  injection  is  to  be  completed  in  one  stage. 

11.  In  the  case  of   the  insoluble   preparations  of  mercury 

the  injection  should  be  given  once  a  week  at  most. 
Dosage  by  the  intramuscular  rr  ethod. — No  absolutely 
definite  rule  can  be  laid  down,  for,  as  already  seen,  each  patient 
tolerates  mercury  to  a  different  degree,  so  that  the  best  dose  for  a 
given  patient  can  only  be  determined  by  careful  observation  of  the 
individual  case.  The  following  circumstances  to  a  certain  extent 
govern  the  dosage  : — 

1.  Type  of  syphilis. — As  already  pointed  out,  the  dose  of  mercury 
which  will  dissipate  an  ordinary  roseolar  rash  will  probably  have  no 
effect  on  a  papular  or  a  pustular  eruption. 

2.  Condition  of  the  patient. — A  strong,  healthy  individual  will, 
as  a  rule,  require  a  larger  dose  than  a  weakly  one. 

3.  Cases  of  "malignant"  or  "virulent"  syphilis  require  smaller 
doses  than  ordinary  ones. — The  maximum  dose  of  metallic  mercury 
should  not  exceed  gr.  1|  (^Ixv)  of  the  cream.  I  get  far  better  results 
with  this  reduced  dosage  than  formerly  with  larger  amounts.  The 
maximum  dose  of  calomel  shoidd  be  gr.  J  ("Ixv)  of  the  calomel 
cream.  This  is  given  once  a  week,  and  seldom  continued  after  the 
fourth  injection,  when  the  metallic  cream  is  substituted. 

Intermissions. — The  treatment  should  be  of  an  intermittent 
character,  the  injection ;  being  given  in  courses  separated  by  intervals 
in  which  none  are  administered,  these  rest  intervals  being  gradually 
increased  in  length  as  the  case  progresses.  Although  no  arbitrary 
rule  can  be  laid  down  as  to  dosage,  intervals  between  injection,  and 
length  of  treatment,  it  is  prudent  to  follow  a  definite  plan.  The 
following  is  my  own  : — 

1.  A  course  of  six  weeks'  treatment,  involving  6  mercurial  injections 

(4  of  which  are  calomel). 

2.  Two  months'  interval  without  injection. 

3.  Two  months'  treatment  =  8  mercurial  injections  (metallic). 

4.  Four  months'  rest. 

5.  Two  months'  treatment  =  8  mercurial  injections  (metallic). 

6.  Six  months'  rest. 

7.  One  month's  treatment  =  four  mercurial  injections. 

8.  Four  months'  rest. 

9.  Two  months'  treatment  =  8  injections. 

In  giving  this  tabular  statement  it  cannot  be  too  strongly  impressed 
on  the  reader  that  it  is  only  intended  as  a  broad  guide,  and  that  it 
is  not  to  be  followed  slavishly. 
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Formerly  it  was  my  custom  to  begin,  the  treatment  with  inunction 
of  mercury  (thirty  rubbings  a  I'Aix),  but  now  that  I  am  able  to  use 
calomel  with  impunity  I  prefer  to  commence  with  it. 

Precaution. — Of  course,  before  the  commencement  of  mercurial 
injection,  it  is  essential  that  the  hygiene  of  the  mouth  and  teeth  shall 
have  been  carefully  attended  to. 

OTHER  METHODS  OF  ADMINISTERING  MERCURY 

Fumigation  was  used  frequently  at  one  time,  but  fell  into  dis- 
repute until  partially  revived  by  Henry  Lee.  It  is  little  practised  now. 
as  it  often  produced  salivation,  ansemia,  and  general  debility. 

Intravenous  inj  ection  was  introduced  in  1893.  The  advantage  > 
claimed  for  it  are  painlessness  and  rapidity  of  action.  The  objections 
are  difficulties  of  technique,  thrombosis,  embolism,  and  phlebitis. 

Zittmann's  treatment  consists  in  attacking  chronic  and 
refractory  cases  by  eliminating  the  poison  from  the  system  by  sweat- 
ing, purging,  and  the  administration  of  mercury  in  infinitesimal  doses 
combined  with  tonic  decoctions.  The  course  of  treatment  lasts 
fourteen  days,  and  the  patient  is  kept  in  a  temperature  of  80"  F. 

Length  of  treatment. — Although  it  is  impossible  to  say  quite 
definitely  wlicn  a  jjatieut  may  be  considered  cured,  it  is  necessary  to 
decide  upon  the  length  of  treatment.  Until  recently  clinical  experi- 
ence was  our  only  guide,  but  now  the  Wassermann  reaction  test  bids 
fair  to  give  us  much  more  definite  information  as  to  the  probability 
or  otherwise  of  a  complete  cure.  Probably  a  patient  who  has  had  two 
years'  thorough  treatment,  and  who  at  the  end  of  that  time  gives 
repeated  negative  reactions  with  the  Wassermami  test  (mercurial 
treatment  having  been  stopped),  may  he  considered  as  requiring  no 
further  treatment. 

Contra-indications  to  the  use  of  mercury. — (1)  Albu- 
minuria. Many  cases  of  syphilis  exhibit  albuminuria  in  their  early 
stages,  probably  due  to  tubal  nephritis  of  the  syphilitic  kind  ;  this  will 
disappear  under  the  mercury.  On  the  other  hand,  the  metal  must 
be  given  carefully  and  in  a  reduced  dose  when  organic  non-syphilitic 
disease  of  the  kidneys  exists.  (2)  Malaria  adds  greatly  to  the 
seriousness  of  an  attack  of  s}q3hLlis,  for  malarial  patients  stand 
mercury  badly  and  become  easily  salivated.  Before  being  subjected  to 
mercury  such  patients  should  have  a  thorough  course  of  quinine. 

ARYLARSONATE  TREATMENT 

Up  to  the  year  1906  mercury  went  unchallenged  as  the  only  real 
specific  for  syphilis.    In  that  year,  owing  to  the  success  attained  V)\- 
atoxyl  in  the  treatment  of  sleeping  sickness,  Uhlenhuth  suggested 
2  X 
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that  the  same  drug  might  prove  equally  successful  if  tried  in  syphilis, 
which,  like  sleeping  sickness,  is  a  protozoal  disease.  His  suggestions 
were  carried  out  in  France  by  Hallopeau  and  Salmon,  and  by  myself 
and  Major  Ward  in  England,  with  almost  immediate  success. 

The  term  "  arylarsonates "  indicates  those  arsonates  to  which 
an  aryl  group  is  attached.  The  arsonic  acids  may  be  considered  to 
be  derived  from  arsenic  acid  by  the  replacing  of  the  hydroxyl  group 
by  an  organic  radicle.  The  latter  may  be  a  member  either  of  the 
fatty  or  paraffin  series,  such  as  methyl,  ethyl,  etc.,  or  of  the  aromatic 
or  benzene  series,  as  phenyl.  The  radicle  of  the  "former  is  known  as 
alphyl,  and  an  arsonic  acid  of  this  type  would  be  known  as  "  alphyl- 
arsonic  acid."  When  the  radicle  belongs  to  the  aromatic  or  benzene 
series  it  is  called  an  "  aryl  "  group,  and  the  arsonic  acid  would  be  an 
"  arylarsonic  acid."  In  the  case  of  atoxyl  or  soamin,  the  aryl  radicle 
is  derived  from  aniline.  Briefly  the  prefix  "  aryl  "  to  arsonates  indi- 
cates a  radicle  belonging  to  the  aromatic  series. 

The  first  arylarsonate  used  by  us  in  the  treatment  of  syphilis 
was  the  preparation  known  as  atoxyl,  which  is  a  sodium  salt  of  an 
arsonic  acid,  containing  27'3  per  cent,  of  arsenium.  The  dose  given 
was  gr.  vi,  injected  every  second  day  for  ten  days,  the  course 
being  repeated  after  an  interval  of  a  fortnight. 

Although  we  had  no  bad  effects,  owing  to  the  very  unfavourable 
reports  concerning  its  toxic  effects  coming  from  Hallopeau  in  Paris 
and  Koch  and  other  workers  in  Uganda,  we  substituted  for  it  another 
arylarsonate  preparation  known  as  soamin.  This  is  a  sodium  para- 
amino-phenylarsonate,  containing  22'8  per  cent,  of  arsenium  ;  it  is 
soluble  in  five  parts  of  cold  water.  For  it  are  claimed  stability,  purity, 
freedom  from  arsenates  and  arsinates,  and  also  from  toxic  dangers. 
The  dose  given  was  gr.  x  by  injection  every  alternate  day  until  a 
total  of  gr.  c  was  attained.  The  same  course  was  repeated  after 
one  month's  interval. 

Soamin  has  the  great  disadvantage  of  decomposing  if  kept  in 
solution  for  over  twenty-four  hours.  Hence  it  is  necessary  to  have 
the  latter  freshly  prepared  when  required  for  use.  Another,  although 
minor  objection,  is  that  it  crystallizes  in  the  syringe. 

Owing  to  these  objections,  I  resorted  to  yet  a  third  arylarsonate, 
i.e.  arsacetin,  which  was  introduced  by  Ehrlich  of  Frankfort,  who 
describes  it  as  the  acetyl  derivative  of  atoxyl.  Neisser  reported  on 
it  most  favourably,  as  being  far  less  toxic  than  atoxyl,  no  decomposi- 
tion of  any  kind  in  the  solution  taking  place  even  when  stored  for 
a  long  time.  Thi?  latter  advantage  being  very  important,  I  substi- 
tuted this  salt  for  the  others.  The  dose  is  the  same  as  that  of  soamin. 
I  use  it  in  10  per  cent,  and  1-5  per  cent,  solutions.  The  solution 
requires  heating  to  body  heat  before  use  as  an  injection. 
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In  all,  since  August,  1907,  when  we  began  the  arylarsouate  treat- 
ment, 250  cases  of  syphilis  have  been  so  treated  at  Rochester  Row, 
at  the  time  of  writing.  All  the  patients  did  well.  They  gained  weight 
almost  immediately  after  coming  under  treatment ;  all  signs  of 
ansemia  or  debility  passed  away ;  the  induration  at  the  site  of  the 
primary  lesion  resolved  ;  the  beneficial  effects  of  the  drug  were  most 
marked  in  ulcerations  of  the  throat,  mouth,  and  tongue ;  and  the 
early  rashes  and  eruptions  rapidly  disappeared.  In  the  older  cases 
— i.e.  inveterate  leucoplakia  of  tongue  and  inside  of  cheeks — we  have 
had  great  success.  One  case  of  over  eight  years'  standing  cleared  up 
in  a  most  wonderful  manner  after  one  course  of  arsacetin,  and  there 
has  been  no  relapse  ;  but,  of  course,  the  patient  has  had  further  courses. 
The  arylarsonates  cause  the  spirochsetes  to  disappear  from  lesions 
very  quickly.  Of  the  cases  treated,  few  have  had  relapses — certainly 
not  more  than  one  would  have  expected  had  mercury  been  used  instead. 

The  manner  in  which  the  treatment  was  continued  was  very 
similar  to  that  already  described  as  regards  the  intramuscular  method 
— i.e.  certain  courses  of  treatment,  with  alternative  periods  of  rest, 
the  latter  increasing  in  length  as  the  case  goes  on.  In  not  one  of 
the  cases  treated  were  any  toxic  effects  noticed. 

It  was  generally  believed  that  as  mercury  dissociates  the  arylarso- 
nates, treatment  by  mercury  and  by  arylarsonates  should  not  be  given 
simultaneously  :  hence  one  taught  that  an  interval  of  at  least  fifteen 
days  should  be  allowed  to  elapse  between  the  end  of  one  treatment 
and  the  beginning  of  the  other.  Further  observation  has  shown 
me  that  this  teaching  is  wrong.  I  got  most  excellent  effects  from  a 
combination  of  mercury  and  arsacetin  in  a  series  of  cases  treated 
thus.  Courses  of  arsacetin  were  given  during  the  usual  courses  of 
either  calomel  or  metallic  mercury.  The  results  were  brilliant.  Cer- 
tain cases  that  resisted  either  remedy  alone  cleared  up  at  once  under 
both  combined.  Both  Major  Ward  and  myself  are  now  convinced 
that  this  combination  method  is  the  best. 

At  present  I  am  using  a  preparation  called  atoxylate  of 
mercury,  produced  by  the  original  manufacturers  of  atoxyl.  With 
this  I  have  treated  over  fifty  cases  with  excellent  results.  It  cer- 
tainly clears  up  symptoms  very  rapidly — more  rapidly  even  than 
calomel.  Whether  it  is  as  lasting  in  its  effects  remains  to  be  seen. 
A  case  of  sclerotic  syphilitic  glossitis,  with  deep,  irregular  ulceration, 
of  five  years'  standing,  which  had  resisted  all  known  methods  of 
dealing  with  it  (the  patient  had  been  one  of  my  own  for  two  years), 
made  a  wonderful  recovery  under  atoxylate  of  mercury.  After 
the  fourth  injection  the  hardening  of  the  tongue  began  to  soften, 
and  after  the  seventh  injection  it  had  regained  its  normal  consistence 
and  the  deep,  craggy  ulcers  had  almost  filled  up.    The  dose  of  the 
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atoxylate  of  mercury  is  gr.  |  on  two  occasions  at  an  interval  of  three 
days,  after  which  gr.  J  once  a  week  until  a  total  of  gr.  x  has  been 
attained.  A  rest  period  follows,  as  in  the  case  of  mercury  or  the 
arylarsouates.    So  far,  I  have  seen  no  toxic  effects  from  this  drug. 

Dangers  of  the  arylarsonates.  —  Although  I  have  not 
seen  one  case  of  untoward  results  due  to  treatment  by  the  aryl- 
arsonates, a  number  of  toxic  cases  have  been  reported  by  others. 
The  most  common  signs  have  been  insomnia,  dizziness,  gastro- 
intestinal cramp,  ataxic  gait,  and  optic  atroj^hy.  Many  of  these 
cases  seem  to  have  been  due  to  neglect  of  the  proper  technique,  tO' 
over-dosing,  or  to  the  use  of  arylarsonate  compounds  which  are 
of  inferior  quality  or  are  not  freshly  prepared.  Most  careful 
watch  must  be  kept  for  the  earhest  toxic  symptoms,  and  the  dose 
modified  in  amount  and  frequency,  or,  if  necessary,  the  drug 
must  be  discontinued  for  a  time.  Advancing  age  and  extensive 
organic  kidney  disease  are  contra-indications  to  their  use.  All  solu- 
tions of  atoxyl,  soamin,  or  orsudan  should  be  made  up  freshly  at 
least  once  a  day.  Arsacetin  (Ehrhch)  solutions  do  not  decompose 
on  keeping,  and  therefore  should  be  employed  in  preference  to  the 
other  preparations. 

What  effect  the  arylarsonate  salts  will  have  on  the  actual  cure 
of  syphilis,  time  alone  can  tell ;  but  that  in  them  we  have  a  second 
specific  as  regards  the  disease  in  its  earlier  stages  seems  to  be  certain, 
and  there  is  no  reason  why  they  should  not  be  specific  to  the  end. 
Two  cases  came  under  my  notice  at  Rochester  Row  which  go  far  to 
make  me  optimistic  on  this  point.  The  men,  undoubted  well-marked 
cases  of  s}^hilis,  had  received  a  two  years'  thorough  treatment  by 
courses  of  either  soamin  or  arsacetin,  and  both  gave  negative 
results  with  AVassermann's  reaction  test,  although  their  blood  had 
been  examined  on  several  occasions. 

There  is  a  group  of  cases  to  which  the  arylarsonates  ought  tO' 
prove  a  veritable  loon,  namely,  those  in  which,  whether  from  idio- 
syncrasy or  from  debility  due  to  climate,  and  especially  malarial 
influences,  there  is  intolerance  of  mercury. 

SALVARSAN  TREATMENT 

This  method  of  treatment  is  discussed  by  other  writers  in  the  next- 
article  (p.  77.5). 

AUXILIARY  MEANS 

Altlioiigh  mercury,  salvarsan,  and  the  arylarsonates  form  the  main 
part  of  the  treatment  of  syphiKs,  there  are  auxiliary  means  which  are 
also   very  necessnry — viz.  hydrotherapy,  iodide  of  potassium,  and 
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various  tonics — besides  which,  care  in  living  and  dieting  is  very 
necessary. 

Second  only  to  specific  medication  do  I  consider  hydrotherapy 

ior  hot  baths  of  all  Icinds  favour  the  elimination  of  mercury  and,  what 
is  of  greater  importance,  increase  and  maintain  metabolism  gener- 
ally. Hot-air  baths  are  best,  then  Turkish  baths,  and,  last,  hot- 
water  baths.  At  Rochester  Row  every  patient  undergoing  either 
mercurial  or  arylarsonate  treatment  for  syphilis  sits  in  a  hot-air  bath 
■at  a  higii  temperature  daily  for  ten  minutes. 

Iodide  of  potassium. — Iodide  of  potassium  at  one  time  was 
supposed  to  have  a  specific  action  in  syphilis  ;  but  for  many  years 
it  has  been  regarded  not  as  a  specific,  but  as  a  valuable  adjunct  to 
mercury.  In  the  early  stages  of  the  disease  it  is  of  little  value,  its 
therapeutic  efficiency  increasing  in  direct  ratio  with  the  duration  of 
the  disease.  It  acts  by  promoting  fatty  degeneration  and  absorption 
of  the  imperfectly  organized  exudates. 

As  a  rule,  iodide  of  potassium  is  unnecessary  in  the  early  stages, 
except  to  relieve  nocturnal  headaches  and  periosteal  pains  generally. 
In  such  cases  it  is  most  successful  if  given  in  -D-grain  doses  three 
times  a  day. 

In  the  later  stages  iodide  of  potassium,  either  given  alone  after  a 
tliorough  course  of  mercury,  or  in  combination  with  the  latter,  pro- 
duces results  which  are  sometimes  marvellous.  On  the  other  hand, 
when  given  in  an  unscientific  manner  the  iodides  lead  to  grave  con 
sequences.  They  act  on  the  system  as  depressants,  lowering  it  to 
such  an  extent  tliat  it  is  left  an  easy  prey  to  the  further  ravages  of 
syphilis.  At  other  times  iodism  is  produced,  represented  by  gastro- 
intestinal irritation,  coryza,  pustular  and  other  forms  of  skin  erup- 
tions, various  forms  of  neuritis,  and  acute  cedema  of  the  larynx. 

In  ordinary  doses  most  patients  will  exhibit  no  s3anptoms  what- 
ever from  the  use  of  the  iodides.  A  small  proportion  may  suffer 
from  a  coppery  taste  in  the  mouth,  coryza,  and  perhaps  some  gastro- 
intestinal catarrh.  A  still  smaller  proj^ortion  may  be  entirely  intoler- 
ant of  iodide  of  potassium,  and  will  suffer  from  swelling  of  tlie  nrucous 
meml)ranes,  especially  of  the  larynx  and  phar^mx. 

Rules  for  giving  iodide  of  potassium:  — 

1.  The  drug  ouglit  to  be  given  well  diluted. 

2.  It  should  be  given  about  an  hour  after  meals. 

3.  It  should  be  given  in  intermittent  courses  of  increasing 

doses,  never  for  longer  than  ten  days  at  a  time,  after 
which  there  should  be  a  week's  interval  before  it  is 
resumed. 

4.  Excijaients  facilitate  absorption. 
Dosage. — In  the  early  stages,  if  recjuired,  the  average  dose  is 
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gr.  V  three  times  a  day  ;  in  the  later  stages  gr.  x  three  times  a  day, 
increasiag  up  to  gr.  xxx  three  times  a  day,  until  by  the  end  of  a 
course  of  ten  or  fourteen  days  the  patient  will  be  taking  3ii  per  day  ; 
as  much  as  3ii  three  times  a  day  may  be  found  necessary  in  some 
cases. 

Manner  of  giving  iodides. — They  may  be  given  in  the  form 
of  a  saturated  solution,  one  drop  of  which  represents  approximately 
gr.  i  of  iodide  of  potassium  : 

Iodide  of  potassium   .        .        .        .        .        .        .  '^v. 

Aquam      .        .        .        .        .        .  '      .        .ad  3i- 

Dose  :  n\v  to  Vl\x  in  a  glass  of  milk  or  water  three  times  a  day. 

If  this  disagrees,  5  to  10  grains  of  pepsin  may  be  added. 

The  drug  can  be  given  by  enema  when  necessary.  When  thus 
administered  the  intestine  should  first  be  evacuated  by  a  simple 
enema.  Then  an  enema  of  iodide  of  potassium,  gr.  xxx  to  gr.  xl, 
dissolved  in  3ii  of  water,  with  a  few  drops  of  laudanum,  may  be  given. 

Hyfodermic  injection. — Hypodermic  injection  of  potassium  iodide 
is  sometimes  resorted  to.  This  mode  cannot  be  recommended,  owing 
to  the  frequent  occurrence  of  abscesses  and  sloughing. 

Treatment  of  iodism. — This  will  depend  on  the  severity  of 
the  symptoms.  When  they  are  mild  and  it  is  important  to  con- 
tinue the  drug,  the  iodide  may  be  given  in  increased  doses ;  when 
severe,  discontinuance  of  the  drug  is  imperative. 

lodipin. — lodipin  is  a  combination  of  iodine  and  sesame  oil,  and 
is  prepared  in  two  strengths — 10  per  cent,  and  20  per  cent. ;  the 
former  for  internal  medication,  the  latter  for  injection  purposes. 
Although  the  desired  therapeutic  effects  can  be  brought  about  by 
giving  the  drug  internally,  this  method  is  not  recommended,  as  it 
is  apt  to  bring  on  dyspepsia.  Given  hypodermicaUy  or  intra- 
muscularly, the  dose  is  from  10  c.c.  to  20  c.c.  for  ten  consecutive 
days.  The  syringe  should  be  capable  of  holding  at  least  10  c.c. 
The  needle  should  be  2J  inches  long  and  have  a  large  bore.  The 
best  seat  of  injection  is  in  the  loose  tissues  of  the  loins.  lodipin 
is  a  viscid  fluid  and  requires  heating  to  at  least  body  temjierature 
to  render  it  thin  enough  for  injection  purposes. 

The  advantages  claimed  for  iodipin  over  iodide  of  potassium  are 
that  it  is  more  slowly  absorbed  and  excreted  than  the  latter,  that  it 
is  non-depressant,  and  that  it  does  not  interfere  with  the  digestion.  I 
have  used  it  very  extensively,  and  can  recommend  it  as  a  substitute 
for  potassium  iodide  in  all  cases  in  which  the  latter  is  inadmissible. 
It  has  one  objection,  viz.  the  bulk  of  its  injection,  which  causes  painful 
tension. 


SALVARSAN  IN  THE  TREATMENT 
OF  SYPHILIS 


By  T.  W.  GIBBARD,  M.B.Durh.,  M.R.C.S.Eng., 
Major  R.A.M.C. 

AND 

LAWRENCE  W.  HARRISON,  M.B.Glasg., 
Major  R.A.M.C. 

Characters  of  salvarsan.  — ■  The  hydrochloride  of  dioxydi- 
amiiloarsonobenzol,  kiiowu  as  salvarsan,  or  as  606,""  is  a  cauary- 
yellow  powder  having  the  formula  Cj2Hi2N202^®''(HCl)o,  so  that  it 
contains  about  34  per  cent,  of  arsenic.  It  is  soluble  in  Avater,  in  which 
it  forms  an  acid  solution.  The  addition  of  an  alkali  to  this  solution 
causes,  first,  the  formation  of  a  flocculent  precipitate,  and  then  a  clear 
alkahne  solution  as  more  alkali  is  added.  Being  readily  oxidizable  to 
a  highly  toxic  compound,  it  is  kept  jJreserved  from  contact  Avitli  air 
in  sealed  glass  capsules,  and  for  the  same  reason  it  is  necessary  to  see 
before  using  it  that  the  capsule  is  intact  and  the  colour  of  the  powder 
as  described,  while  it  should  be  injected  as  soon  as  possible  after 
exposure  to  air 

Effects  of  salvarsan.  —  Its  administration  to  syphiHtic 
patients  iu  any  of  the  ways  described  later  is  practically  always 
followed  by  a  rapid  and  strildng  disappearance  of  all  clinical  signs  of 
the  disease.  Primary  lesions  heal  in  an  average  of  eleven  days,  the 
induration  almost  always  being  less  at  the  end  of  twenty-four  hours. 
Secondary  rashes  disappear  in  from  five  to  nine  days  ;  while  mucous 
patches,  condylomata,  and  superficial  ulcers  of  the  throat,  such  as 
occur  in  the  so-called  secondary  stage  of  the  disease,  heal  not  less 
quickly.  It  is  chiefly,  however,  in  those  manifestations  which  are  most 
serious  to  the  patient  that  its  effects  are  most  marked,  such  as  gum- 
matous iritis,  arthritis,  periostitis,  gummas  of  the  viscera,  and  especially 
tertiary  sj^hilitic  ulceration,  as  well  as  syphilitic  disease  of  the  central 
nervous  system.  Especially  gratifpng  is  the  relief  of  pain  which 
foUows  its  use  in  severe  tertiary  ulceration  of  the  throat  and  in 
bone  syphilis  ;  in  almost  all  these  cases  the  patient's  misery  is  reheved 

775 


776    SALVARSAN  IN  TREATMENT  OF  SYPHILIS 


in  a  very  few  hours.  Figs.  197  and  198  show  its  effect  in  malignant 
ulceration  better  than  any  description. 

Occasionally  the  injection  is  followed  by  a  very  temporary  exacer- 
bation of  the  symptoms.  Aii  increase  in  the  rash,  which  becomes 
darker,  was  described  under  the  name  of  the  Jarisch-Herxheimer 
reaction  before  salvarsan  was  introduced,  having  frequently  followed 
the  use  of  mercury  ;  it  has  sometimes  been  observed  after  injecting 
salvarsan.    In  this  connexion  we  may  mention  two  of  our  cases,  one 


Fig.  197. — Malignant  ulceration  before  injection  of  salvarsan  and  ten  days 

afterwards. 

{From  the  Journal  of  the  R.A.M.C.) 


of  iritis,  the  other  of  synovitis,  in  both  of  wliich  the  symptoms  increased 
for  a  few  hours  after  the  injection.  Probably  the  change  from  a  negative 
to  a  positive  Wassermann  reaction,  which  has  been  observed  to  occur 
in  a  small  proportion  of  cases  a  few  days  after  the  injection,  is  due  to 
a  similar  cause.  In  some  cases  this  exacerbation  of  symptoms  may 
be  highly  important,  as  when  in  syphilis  of  the  central  nervous  system 
the  intracranial  pressure  is  already  raised  ;  in  such  cases  an  increase 
in  the  local  inflammatory  changes  may  raise  the  pressure  so  much  as 
to  cause  distress  or  even  death  from  respiratory  failure. 

While  salvarsan  almost  always  produces  the  beneficial  results  we 
have  mentioned,  it  must  be  said  that  in  a  certain  very  small  proportion 
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of  cases  it  seems  to  have  little  or  no  influence  at  first.  In  the  great 
majority  of  these,  however,  a  second  injection  produces  the  desired  result. 

That  these  results  are  due  to  destruction  of  the  specific  parasite 
of  the  disease  is  shown  (1)  by  the  prompt  disappearance  of  treponemata 
from  local  lesions  in  which  they  abounded  previouslv  to  the  injection, 
the  disappearance  taking  place  in  forty-eight  hours  at  t]\e  latest  ;  and 
(2)  by  its  effect  on  the  Wassermann  reaction.  With  regard  to  the  latter, 
our  observations,  carried  out  for  six  weeks  or  more  on  HI  cases  wliich 
previously  to  the  injection  gave  a  positive  reaction  to  the  original 


Fig.  198. — Malignant  ulceration  before  injection  of  salvarsan  and  ten  days 
afterwards.    The  same  case  as  in  Fig.  197. 

{Fiv,:r  tJu-  Journal  of  the  R.A.M.C.) 

test,  or  Stern's  modification,  or  both,  showed  that  in  90  the  reaction 
became  completely  negative  to  both  tests.  Speaking  generally,  the 
•conversion  to  negative  occurs  in  four  to  six  weeks.  It  is  also  claimed, 
as  evidence  of  the  wholesale  destruction  of  treponemata.  that  large 
■amounts  of  syphilitic  antibody  are  formed.  This  is  shown  l^y  the 
■curative  effect  exercised  by  the  serum  of  patients  treated  with 
salvarsan  when  it  is  injected  into  other  syphilitics,  as  well  as  l>y  the 
fact  that  if  the  mother  of  a  sypliilitic  infant  be  treated  with  salvarsan 
■and  nurses  the  cluld,  the  latter  at  once  begins  to  improve  in  health 
and  its  lesions  disappear,  though  no  arsenic  can  be  detected  in  the 
milk ;  and,  in  any  case  salvarsan  has  little  or  no  effect  wlien  adminis- 
tered by  mouth. 
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In  cases  of  parasyphilis  not  so  much  can  be  hoped  from  the 
administration  of  salvarsan.  In  very  early  cases  of  tabes  the  light- 
ning pains  have  vanished,  the  patellar  reflex  has  returned,  and  the 
sensory  changes,  particularly  those  affecting  the  feet,  have  disap- 
peared. In  a  few  cases  of  general  paralysis  the  injection  has  been 
followed  by  temporary  improvement.  On  the  other  hand,  in  some 
parasyphihtics  the  symptoms  have  become  more  pronounced  after  the 
administration  of  the  remedy.  Possibly  some  of  the  good  effects  in 
parasyphihs  have  been  due  to  its  influence  on  the  syphilitic  lesions 
which  form  a  part  of  the  changes  in  so  many  of  these  cases,  as  well 
as  to  its  stimulating  effect  on  nerve  tissue.  Naturally,  it  cannot  be 
expected  to  restore  degenerated  nerve  tissue.  As  will  be  mentioned 
later,  it  is  contra-indicated  in  late  cases  of  parasy^ahihs. 

In  addition  to  the  above  specific  effects  of  salvarsan,  it  stimulates 
the  body  tissues,  so  that  ulcers  heal  more  rapidly  than  is  usual  with 
these  lesions.  The  feeling  of  well-being  wliich  follows  the  injection 
has  been  mentioned  by  numerous  writers  on  the  subject.  The  patient 
frequently  gains  greatly  in  weight,  an  increase  of  20  lb.  in  three  weeks- 
being  not  uncommon  in  a  previously  cachectic  patient. 

Untoward  effects  ascribed  to  salvarsan. — The  highest 
mortality  attributed  to  salvarsan  which  we  have  been  able  to  find  by 
a  search  through  the  literature  on  about  40,000  cases  is  less  than  1 
per  1,000.  It  is  extremely  unlikely  that  the  figure  is  higher  than 
this,  because  in  deahng  with  a  new  remedy  there  is,  as  a  rule,  no 
lack  of  zeal  in  publishing  accounts  of  its  untoward  effects.  When 
it  is  remembered  that  this  is  based  on  the  deaths  which  have  fol- 
lowed the  injection  in  the  most  hopeless  cases — in  infants  suffering 
from  the  severest  forms  of  congenital  syphilis,  in  advanced  cases 
of  disease  of  the  central  nervous  system,  and  in  cases  with  grave 
disease  of  the  cardio-vascular  system,  as  well  as  in  others  where 
the  contra -indications  on  which  Bhrlich  laid  particular  stress  in  the 
beginning  were  totally  disregarded — ^it  does  not  appear  that  there 
is  much  to  fear  from  the  use  of  this  remedy  in  suitable  cases.  In 
fact,  we  have  only  been  able  to  find  the  record  of  one  case  in  which 
death  followed  the  injection  into  what  appeared  to  be  a  suitable 
subject,  and  the  teclmique  was  strictly  proper  ;  and  it  is  probably 
no  exaggeration  to  say  that  it  must  have  been  given  at  least  500,000 
times  by  now.  Of  other  untoward  effects  which  have  been  attributed 
to  it,  paralysis  of  the  auditory  nerve  has  been  proved  to  be  due  to 
a  local  focus  of  treponemata,  and  not  to  the  drug  ;  wliile  in  regard 
to  optic  neuritis,  Ehrlich  says  ("  Experimental  Chemo-Therapy  of 
Spirillosis  ")  :  "I  have  not  had  a  single  case  of  blindness  reported  to 
me,  and,  despite  penetrating  research,  it  has  not  been  possible  for 
me  to  run  one  of  these  rumoured  cases  to  earth."    Finger  has  recently 
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reported  three  cases  of  optic  neuritis  wliicli  he  attributes  to  arsenic 
absorbed  from  the  site  of  an  intramuscular  depot.  Wechsehnann,  who 
with  Felir  has  paid  special  attention  to  this  point,  was  unable  to  find 
that  any  injury  to  the  optic  nerve  resulted  in  over  1,200  cases  treated 
by  him.  On  the  other  hand,  as  a  result  of  Fehr's  careful  examinations, 
he  shows  that  2  per  cent,  of  cases  in  the  secondary  stage  suffer  from 
optic  nerve  changes  without  subjective  symptoms,  and  it  is  possible 
that  in  cases  where  the  injection  of  salvarsan  fails  to  arrest  these  it 
may  be  blamed  for  the  eventual  eye  changes  when  they  become 
apparent  to  the  patient.  Bladder  disturbances  and  obstinate  con- 
stipation are  occasionally  reported  to  have  occurred  after  the  admin- 
istration of  salvarsan,  but  we  have  no  experience  of  these,  and  in  a 
certain  number  it  is  admitted  that  the  remedy  had  been  allowed  to 
become  oxidized  liei'ore  being  injected. 

Permanence  of  its  effect  on  syphilis. — It  is  impossible  to 
speak  definitely  on  this  point.  In  view  of  the  long  periods  that  syphilis 
can  lie  latent,  even  if  no  relapses  had  occurred  up  to  the  present  time, 
it  would  be  no  justification  for  pronouncing  the  effects  of  salvarsan 
to  be  permanent.  On  the  other  hand,  it  must  be  admitted  that  the 
number  of  relapses  which  have  so  far  been  reported  would  probably 
have  been  considerably  less  had  they  not  included  a  large  number 
of  cases  in  which  an  inadequate  dose  was  given.  Larger  than  the 
number  of  clinical  relapses  is  that  in  which  the  Wassermann  reaction, 
after  becoming  negative,  has  returned  to  jaositive.  As  a  rough 
guide  we  may  mention  that  out  of  136  cases  which  were  treated  with 
what  is  still  considered  to  be  an  adequate  dose,  and  have  been  under 
our  observation  for  three  to  eleven  months  since  the  last  injection, 
15  have  shown  chnical  relapses  ;  while  out  of  68  cases  in  which  blood 
serum  was  regularly  tested  for  the  Wassermann  reaction  during  the 
same  period,  30,  after  being  converted  to  negative,  have  returned 
to  positive.  Believing  that  the  presence  of  a  Wassermann  reaction 
indicates  active  treponemata  in  the  patient,  we  must  include  these 
cases  amongst  the  relapses.  Whether  a  method  of  administering 
salvarsan  will  ever  be  devised  which  will  ensure  its  reaching  every 
treponema  in  the  body,  and  destroying  it,  is  for  the  future  to  decide, 
and,  meantime,  our  only  course  in  dealing  with  the  individual  case 
is  to  insist  on  the  strictest  surveillance  of  the  patient  afterwards, 
particularly  in  regard  to  the  Wassermann  reaction. 

Comparison  with  mercury. — Unquestionably,  in  its  effect 
on  clmical  symptoms,  on  the  treponemata  in  local  lesions,  on  the 
Wassermann  reaction,  and  in  the  prevention  of  relapses,  salvarsan 
acts  much  more  powerfully  and  rapidly  than  mercury.  In  addition 
to  these,  unlike  mercury,  it  gives  the  patient  a  feeling  of  well- 
being  which  is  of  the  greatest  importance  in  the  treatment  of  a 
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debilitating  disease  lilie  syphilis.  Whether  it  will  ever  replace  mercury 
entirely  cannot  at  present  be  decided,  but  we  have,  at  any  rate,  con- 
siderable grounds  for  hope  that  a  combined  treatment  with  salvarsan 
and  mercury  mil  effect  a  cure  in  a  very  much  shorter  time  than  has 
hitherto  been  the  case  when  using  mercury  alone.  Further  than  this, 
we  can  assure  the  patient,  with  more  confidence  than  when  reliance 
is  placed  on  mercury  alone,  that  in  all  jjrobability  the  course  of  his 
illness  Avill  not  be  marked  by  disfiguring  and  mutilating  ulcerative 
processes.  Whether  we  can  promise  immunity  from  parasyphilis 
remains  to  be  seen. 

Indications.  —  In  the  absence  of  any  contra-indication  we 
would  administer  salvarsan  to  every  case  of  syphilis,  but  would 
especially  urge  its  use  — 

(1)  When  mercury  cannot  be  tolerated  by  the  patient,  and 

when  it  fails  to  affect  the  course  of  the  disease,  or  to 
prevent  frequent  relapses. 

(2)  In  all  cases  where  a  rapid  action  is  necessary  to  prevent 
I  damage  to  important  vital  structures. 

(3)  In  severe  syphilitic  ulcerative  lesions,  and  in  malignant 

syphilis. 

Contra-indications. — Salvarsan  is  contra-indicated — 

(1)  In  advanced  degeneration  of  the  central  nervous  system. 

(2)  Where  there  are  marked   cardio-vascular  changes,  as  in 

aneurysm  ;  where  there  is  reason  to  suspect  sclerosis  of 
coronary  arteries,  and  in  those  subject  to  angina  pectoris. 

(3)  Where  there  is  a  tendency  to  haemorrhage. 

(4)  In  severe  disease  of  the  abdominal  viscera  not  due  to 
'  syphilis,  and  in  extensive  syphilitic  disease  of  the  liver 

and  Iddneys,  as  well  as  in  severe  diabetes. 

(5)  In  such  lung  affections  as  putrid  broncho-pneumonia  and 

advanced  pulmonary  tuberculosis. 

(6)  In  parasyphilis,  save  in  the  earliest  stages. 
Precautions. — Special  caution  is  necessary  when  salvarsan  is 

administered  in  certain  cases.  In  syphilitic  disease  of  the  central 
nervous  system,  on  account  of  the  risk  of  raising  the  intracranial 
pressure,  it  should  be  given  in  half-doses.  In  cases  of  hemiplegia 
it  is  best  to  wait  till  all  active  symptoms  have  settled  down  before 
giving  a  half-dose.  In  the  early  stages  of  parasyphilis  and  in  weakly 
patients  the  same  precaution  should  be  observed  with  regard  to 
dosage. 

In  cases  of  optic  neuritis  the  patient  should  be  warned  of  the  exact 
state  of  his  optic  nerve,  in  order  that  he  may  not  subsequently  blame 
the  remedy  unjustly  for  changes  it  has  failed  to  arrest.  Pregnancy 
is  not  a  contra-indication  to  its  use  in  cases  otherwise  suitable. 
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METHODS  OF  ADMINISTRATION 

Salvarsaii  may  be  administered  by  injection  into  the  muscles  or 
subcutancons  tissues,  or  intravenously. 

Intramuscular   and  subcutaneous  administration. 

— Many  diiferent  ways  of  preparing  salvarsau  for  subcutaneous  or 
intramuscular  injection  liave  been  described,  but  space  will  onlv  permit 
of  our  mentioning  tlie  more  important  of  these.  The  highlv  acid 
solution,  made  by  dissolving  the  powder  in  distilled  water,  and  the 
alkaline,  by  adding  to  the  acid  solution  sufficient  caustic  soda  solu- 
tion to  redissolve  the  precipitate  which  forms  at  first,  are  not  so 
generally  used  as  the  neutral  or  slightly  alkaline  emulsions  prepared 
according  to  the  method  of  Wechselmann  and  Lange,  or  that  of 
Michaelis,  because  they  are  followed  by  considerably  more  pain  than 
the  latter,  and  there  is  no  sufficient  reason  for  believing  them  to  be 
superior  in  efficacy. 

Wechselmann  and  Lange"s  method  is  as  follows  :  The  contents  of 
the  capsule  are  dissolved  by  rubbing  up  with  1  or  2  c.c.  of  commercial 
caustic  soda  solution  ;  glacial  acetic  acid  is  then  added,  drojj  bv  drop, 
till  a  ffiie,  yellow,  sUmy  jjrecipitate  is  formed  ;  to  this  is  added  2  c.c. 
of  sterile  distilled  water,  and  the  emulsion  is  made  neutral  to  litmus 
paper  by  adding  either  caustic  soda  (0-4  per  cent.)  or  acetic  acid  (1  per 
cent.),  according  to  its  reaction.  The  golden  yellow  emulsion  is  then 
centrifugalized,  and  the  deposit  taken  up  with  .5-6  c.c.  of  salt  solution 
(0-9  per  cent.). 

Michaelis  first  dissolves  in  distilled  water,  adds  soda  solution  till 
a  clear  solution  is  formed,  and  precipitates  out  the  emulsion  with 
normal  acetic  acid.  The  emulsion  is  made  slightly  alkaline  to  litmus 
with  soda  solution,  and  distilled  water  added  to  about  40  c.c. 

Kromaj-er  makes  a  suspension  of  the  remedy  by  rubbing  it  up 
with  Hquid  paraffin  (1  c.c.  per  O'l  grm.),  while  Yolk  makes  a  similar 
suspension  in  sterile  olive  oil  or  in  liquid  paraffin.  Both  claim  that 
the  injection  is  painless. 

The  intramuscular  injection  maybe  made  into  the  glutei,  under 
the  trapezius,  into  the  pectoralis  major,  or  into  the  muscles  between 
the  scapula:^.  Of  these  sites,  that  into  the  buttock  has  the  disad- 
vantage that  it  causes  discomfort  both  in  sitting  and  in  lying  down, 
and  is  apt  to  be  followed  by  neuritis  of  the  sciatic  nerve,  with  peroneal 
paralysis.  We  have  found  the  injection  into  the  pectoralis  not  so 
favourable,  since  necrosis  aj^pears  to  be  more  frequent  after  it,  and 
the  injection  under  the  trapezius  would  seem  to  be  the  most  free 
from  objection.  In  making  an  intramuscular  injection  the  point  of 
the  needle  must  penetrate  well  into  the  muscle,  and  it  is  advisable 
before  actually  making  the  injection  to  disconnect  the  filled  syringe 
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from  the  needle  in  order  to  be  certain  that  the  point  of  the  latter  does 
not  lie  witliin  a  blood-vessel. 

For  the  subcutaneous  injection  the  most  favourable  site  is 
between  the  scapulse.  The  injection  in  front  of  the  chest,  though  more 
comfortable  to  the  patient,  is  more  liable  to  cause  a  slough.  In  making 
a  subcutaneous  injection,  our  experience  shows  that  it  is  necessary  to 
observe  certain  precautions,  on  which  Wechselmann  has  laid  stress, 
in  order  to  avoid  the  formation  of  a  slough.  The  needle  should 
be  inserted  into  the  subcutaneous  tissues  so  that  its  point  does 
not  lie  in  the  cutis  vera  on  the  one  hand,  nor  in  the  fascia  overlying 
the  muscles  on  the  other.  The  test  of  this  is  the  ability  to  move  the 
point  of  the  needle  fairly  freely  about  in  the  subcutaneous  tissues. 
The  injection  must  be  made  very  slowly,  and  the  needle  occasionally 
moved  in  the  subcutaneous  tissues  so  as  to  distribute  the  dose  over 
as  wide  an  area  as  possible.  It  is  also  advisable  to  introduce  the 
emulsion  by  two  separate  punctures  in  different  sites.  When  the 
injection  has  been  made  and  the  needle  withdrawn,  the  emulsion  should 
be  dispersed  into  the  surrounding  tissues  by  massaging  the  site  for 
ten  minutes. 

The  effects  of  an  intramuscular  or  subcutaneous  injection,  apart 
from  those  on  the  disease,  are  as  follows  :  Immediately  afterwards 
there  is  generally  some  pain,  winch  is  more  severe  in  some  cases  than 
others.  When  the  injection  is  in  the  neighbourhood  of  the  chest  wall 
there  is  often  a  feeling  of  constriction,  which  quicldy  passes  off.  The 
immediate  pain  subsides  within  an  hour,  and  is  succeeded  by  one  of  a 
dull  aching  character  which  frequently  prevents  the  patient  from 
sleeping.  On  the  second  or  third  day  the  swelling  and  pain  increase 
at  the  site  of  injection,  which  is  generally  surrounded  by  some  oedema. 
This  again  varies  with  the  individual,  in  some  cases  being  very  mild, 
and  in  others  (the  minority)  so  severe  as  to  suggest  that  an  abscess 
has  formed  ;  that  does  not,  however,  occur  at  this  stage.  The  pain 
and  swelling  gradually  subside  till  by  about  the  sixth  or  seventh  day 
the  patient  is  comfortable,  though  the  site  remains  rather  tender  for 
a  week  or  so  longer.  The  temperature  rises  on  the  evening  of  injection, 
but  not,  as  a  rule,  higher  than  101°.  With  the  increase  in  the  pain 
and  swelling  referred  to  above,  the  temperature  shows  a  distinct  rise 
and  may  reach  102°-103°,  subsiding  to  normal  by  about  the  sixth 
day.  In  a  certain  small  proportion  of  cases,  when  a  subcutaneous  in- 
jection has  been  given,  the  skin  and  subcutaneous  tissues  at  the  site 
may  slough.  This  may  occur  any  time  from  twelve  days  to  four  or  five 
months  after  the  injection.  The  skin  over  the  site  becomes  dull  red, 
a  bleb  forms,  and,  finally,  it  becomes  black  or  dark  grey  over  an  area 
about  the  size  of  a  florin.  The  slough  generally  involves  the  imder- 
lying  muscles,  and  extends  for  about  half  an  inch  into  the  subcutaneous 
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tissues  underlying  tlie  liealtliy  skin.  It  generally  contains  quite  a 
large  amount  of  arsenic,  Major  W.  0.  Beveridge  and  Capt.  N.  D. 
Walker,  R.A.M.C.,  having  found  an  amount  of  tills  equivalent  to 
0-075  grm.  of  salvarsan  in  a  slough  which  separated  four  to  five  months 
after  the  injection.  The  process  of  separation  is  very  slow,  and  may  take 
six  months  or  even  longer.  It  is  probable  that  after  using  the  intra- 
muscular method  a  variable  amount  of  necrosis  occurs  in  the  muscles 
at  the  site  of  injection,  though  it  rarely  gives  cUnical  evidence  of  its 
presence  other  than  as  a  hard  swelling.  In  most  cases  such  a  swelling 
is  apt  to  remain  for  some  weeks  after  the  injection  if  the  site  is  exposed 
to  friction.  Other  effects  which  have  been  described,  but  of  which 
we  have  no  experience,  are  certain  rashes  which  come  on  about  the 
ninth  day.  These  are  generally  morbilhform  in  cliaracter  and  accom- 
panied by  rise  of  temperature  to  about  102*^  F. 

The  intravenous  method. — Method  of  preparation. — 
An  alkaline  solution  is  invariably  prepared,  and  it  is  essential  that 
it  should  be  very  dilute  (certainly  not  stronger  than  1  decigramme 
of  the  drug  to  30  c.c.  of  fluid).  We  have  foimd  the  following  method, 
based  on  Schreiber's  teclmique,  most  convenient  :  Into  a  graduated 
measure  glass  100  c.c.  of  warm  distilled  water  is  poured,  and  0'6  grm. 
■of  the  remedy  slowly  sprinkled  into  it  whilst  stirring.  When  solution 
is  complete,  caustic  soda  (4  per  cent.)  is  added,  drop  by  drop,  till  the 
precipitate  which  forms  at  first  is  completely  redissolved  (as  a  rule 
about  0-7  c.c.  of  4  per  cent,  soda  per  decigramme  is  required).  No 
more  alkali  should  be  added  than  is  just  sufficient  to  give  a  clear 
solution.  When  quite  clear,  salt  solution  (0"85  per  cent.),  made  with 
distilled  water  immediately  before  it  is  sterilized,  is  added  to  make  the 
strength  of  the  solution  equivalent  to  40  c.c.  per  decigramme  of  the 
remedy  (or  240  c.c.  for  the  contents  of  a  0-6  grm.  capsule).  When 
ready,  the  vessel  containing  the  solution  should  stand  in  a  basin  of 
water  at  about  blood  heat  till  required. 

Preparation  of  the  patient. — A  saline  purge  on  the  same  morn- 
ing, restriction  of  fluids,  and  a  fast  of  four  hours  previously  to  an 
intravenous  injection  are  useful  in  avoiding  vomiting  and  intestinal 
disturbance  afterwards.  A  very  light  diet  is  advisable,  and  rest  in 
bed  essential,  for  eighteen  hours  subsequently  to  the  injection. 

The  injection. — This  may  be  made  witli  an  ordinary  infusion 
apparatus,  or  with  a  syringe.  In  either  case  certain  precautions  are 
necessary  to  ensure  that  the  needle  is  actually  in  the  vein  before  the 
salvarsan  solution  is  introduced,  because  the  presence  of  any  salvarsan 
in  the  subcutaneous  tissues  would  give  rise  to  troublesome  inflammatory 
swelling  round  the  vein  afterwards.  In  order  to  avoid  this,  some 
salt  solution  (0-85  per  cent.)  is  first  injected  in  order  to  see  whether 
any  swelling  results.    Should  this  occur  it  indicates  that  the  point 
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of  the  needle  is  outside  the  vein.  The  infusion  apparatus  which 
we  use  is  showoi  in  Fig.  199.  To  use  it  the  containers  are  suspended 
from  a  convenient  stand  which  can  be  raised,  and  the  rubber  tubes 
between  them  and  the  glass  Y-piece  closed  with  a  clip  on  each.  Wfr 
no  longer  use  the  clip  between  the  Y-piece  and  the  needle  shown  in 
the  illustration.    Salt  solution  (0-85  per  cent.)  is  poured  into  botk 

containers,  and  the  tubes  are  emptied. 
of  air  by  raising  the  needle  end 
till  most  of  the  tubing  is  above  the 
level  of  the  containers,  slowly  lower- 
ing with  clips  open  until  the  solu- 
tion flows  through,  and  then  closing: 
the  clips.  The  chp  on  the  tube 
leading  from  the  salvarsan  container 
(on  the  right)  is  then  opened  so  as 
to  allow  the  contained  salt  solution 
to  escape  till  it  stands  about  half  an 
inch  from  the  bottom  of  the  con- 
tainer. The  dose  of  salvarsan  is 
poured  through  fine  sterile  muslin 
into  the  container  on  the  right,, 
and  the  other  is  partly  filled  with 
salt  solution.  The  needle  is  now 
applied  to  the  tube,  if  this  has  not 
been  previously  done,  and  a  little 
salt  solution  is  allowed  to  flow  so  as 
to  wash  out  the  needle  ;  the  flow  is 
stopped,  all  slack  tubing  is  coiled 
into  water  at  about  120°  F.,  the 
containers  are  lowered  to  a  level 
shghtly  above  that  of  the  patient^ 
and  all  is  ready. 

The  patient  Hes  on  a  couch  or 
operating  table  with  his  arm  com- 
fortably supported  in  a  position 
convenient  to  the  operator,  and  a  rubber  band  is  fastened  round 
his  upper  arm  so  as  to  retard  the  venous  return  and  make  the 
veins  stand  out  prominently.  A  vein  at  the  bend  of  the  elbow  is 
selected,  and  the  skin  over  it  is  sterihzed  by  painting  with  a 
solution  of  iodine  in  chloroform  (1  in  15).  The  pimcture  should 
be  made  quite  deHberately,  rather  than  with  a  sudden  stab,  and  the 
needle  kept  almost  parallel  with  the  vein,  pointing  in  the  direction 
of  the  blood  flow,  and  with  its  eye  looking  towards  the  operator.  As 
soon  as  the  vein  is  entered,  blood  will  appear  at  the  glass  window 


Fig.  199.— Apparatus  for  intra- 
venous injection  of  salvarsan. 

{From  the  Journal  of  the  R.A.M-C.) 
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between  the  Y-piece  and  the  needle  ;  the  rubber  band  should  then  be 
removed,  the  containers  raised  to  a  height  of  about  three  feet  above 
the  patient,  and  the  tube  leading  from  the  salt  solution  container 
opened.    If  the  needle  is  not  properly  in  the  vein  a  swelling  will  form 
in  its  neighbourhood  when  the  salt  solution  is  turned  on.    In  this 
case  a  little  manipulation  of  the  needle  may  rectify  its  position,  but, 
failing  this,  another  vein  must  be  selected.    If  no  swelling  occurs 
over  the  vein  the  flow  of  salt  solution  is  stopped,  and  that  of  salvarsan 
started  by  manipulating  the  clips.    When  the  salvarsan  solution  has 
almost  reached  the  bottom  of  its  container,  about  20  c.c.  of  salt  solution 
is  poured  in  on  top  of  it  so  as  to  assist  the  last  few  c.c.  of  the  remedy 
along  the  tube.    When  the  upper  level  of  this  is  seen  to  pass  the  upper 
glass  window,  this  tube  is  closed,  and  the  salt  solution  turned  on  again 
to  wash  the  needle  and  vein  free  from  salvarsan  solution.    The  needle 
is  then  removed,  and  a  dressing  applied.    We  find  the  double  con- 
tainer most  convenient,  but  with  very  little  more  trouble  a  single 
one  can  be  used.    In  this  case  the  operator  first  puts  salt  solution  in 
the  container  to  about  an  inch  from  its  bottom,  and  runs  a  little  of 
it  into  the  vein  ;   he  then  pours  the  dose  of  salvarsan  solution  in  on 
top  of  the  salt  solution,  and  fuiishes  with  more  salt  solution  as  when 
using  the  double  container.    If  a  syringe  be  preferred,  it  is  best  to 
have  one  in  which  the  connexion  between  the  needle  and  the  rest  of 
the  apparatus  is  broken  by  a  flexible  piece.    Of  the  syringes  in  use, 
probably  McDonagh's  modification  of  Sohreiber's  is  the  most  con- 
venient.   In  this  the  needle  is  made  so  that  it  can  be  lightly  fastened 
to  the  arm.    Behind  the  needle,  to  which  it  is  connected  by  a  short 
piece  of  rubber  tubing,  is  a  three-way  tap,  by  turning  wluch,  and 
working  the  piston,  solution  can  be  alternately  drawm  into  the  syringe 
and  injected  into  the  vein.    Salt  solution  is  at  first  injected,  then 
salvarsan,  and,  finally,  salt  solution,  on  the  same  principle  as  when 
using  the  transfusion  apparatus. 

Speaking  generally,  one  can  introduce  the  solution  by  either  method 
in  about  ten  minutes  without  distress  to  the  patient. 

After-effects  of  an  intravenous  injection. — In  a  very  few 
cases,  especially  if  food  has  been  taken  within  the  last  three  hours, 
the  patient  may  vomit  at  once.  Symptoms,  when  they  do  occur,  come 
on,  as  a  rule,  three  to  four  hours  later,  when  the  most  frequent  is  a  feeling 
of  chilliness  which  often  becomes  a  defijiite  rigor,  and  this  may  last 
for  an  hour  or  more.  The  temperature  rises  to  101°-103°,  and  there 
are  the  usual  general  symptoms  of  fever.  In  a  small  proportion  of 
cases  there  may  be  fairly  severe  vomiting  and  diarrhoea,  and  this  may 
in  very  rare  cases  continue  till  the  following  evening.  As  a  rule,  all 
symptoms,  beyond  a  slight  headache  and  a  feehng  of  depression,  have 
passed  ofi  by  the  following  day.    We  have  noted  a  very  consider- 
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able  reduction  in  the  proportion  of  cases  wliich  suiier  tliese  after- 
effects since  we  adopted  the  practice  of  preparing  the  salt  solution 
immediately  before  sterilizing  it. 

Choice  of  method. — Comparing  the  intramuscular  with  the 
subcutaneous  injection,  the  latter  is  more  liable  to  be  followed  by- 
sloughing  of  the  sldn,  though  Wechselmann  holds  that  slougliing  is 
mostly  due  to  faulty  technique. 

Against  the  intramuscular  method  it  is  urged  that  the  resulting 
infiltration  with  inflammatory  material  may  limit  the  function  of  the 
muscle,  and  the  intramuscular  injection  into  the  glutei  may  be  followed 
by  troublesome  symptoms  from  irritation  of  the  sciatic  nerve.  Against 
both  methods  is  the  fact  that  the  remedy  is  very  slowly  and  irregularly 
absorbed  from  the  site  of  injection,  i^ossibly  so  slowly  that  the  parasites 
may  not  be  destroyed  but  only  suppressed.  The  injection  is  also 
followed  by  considerable  discomfort  to  the  patient. 

In  favour  of  the  local  methods  is  the  fact  that,  if  the  remedy  is 
slowly  absorbed,  its  effect  is  maintained  for  a  much  longer  time  than 
in  the  case  of  the  intravenous  injection.  It  is  claimed  in  favour  of 
the  local  methods  that  if  by  any  chance  the  patient  should  develop 
alarming  symptoms  from  hypersensitiveness  to  the  drug,  it  would  be 
possible  to  cut  down  and  wash  out  the  salvarsan.  In  favour  of  the 
intravenous  method  are  the  facts  that  absorption,  and  consequently 
an  intense  action  on  the  parasites,  is  assured,  that  the  after-effects 
pass  away  very  quickly,  and  that  it  is  practically  painless.  Against 
it  is  its  possibly  evanescent  effect  owing  to  rapid  excretion,  so  that 
parasites  lying  within  thrombosed  areas  may  never  be  reached  by 
the  drug  before  it  is  excreted.  In  this  connexion  we  may  mention 
that  Beveridge  and  Walker  did  not  find  arsenic  in  the  urine  after  the 
ninth  day  follo\\"ing  an  intravenous  injection  of  0  6  grm.,  while  Greven 
found  that  arsenic  excretion  continued  for  fourteen  days  after  a  sub- 
cutaneous injection  of  04  grm.,  and  seventeen  to  eighteen  days  after 
045- 0'6  grm.  given  intramuscularly,  and  Lockemann  foimd  arsenic  in 
very  small  amounts  in  the  urine  as  late  as  the  thirty-sixth  day 
after  an  intramuscular  injection  of  0  3  grm.  in  acid  solution. 

Ehrlich  is  strongly  in  favour  of  the  first  injection,  at  any  rate,  being 
intravenous.  Schreiber,  as  well  as  Iversen,  recommends  an  initial 
intravenous  injection  followed  in  twenty-four  to  forty-eight  hours  by 
an  intramuscular.  Wechselmann,  amongst  others,  finds  no  advantage 
in  the  intravenous  over  the  subcutaneous  injection  of  his  emulsion. 
Kromayer  gives  an  intramuscular  injection  of  01  grm.  in  his  parolein 
emulsion  daily  till  1  grm.  has  been  administered.  It  is  very  difficult  to 
decide  at  this  stage  which  method  to  choose.  Our  own  practice  for 
some  time  past  has  been  to  adhere  to  the  intravenous  method,  on 
account  of  the  discomfort  to  the  patient  wliich  follows  the  local 
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injection,  and  we  have  found  its  effect  at  least  as  lasting  as  that  of 
the  latter. 

Dosage. — In  ordinary  cases  of  syphilis,  where  the  patient  is 
otherwise  healthy,  a  dose  of  0  6  grm.  may  be  given  to  men  and  0'5  grm. 
to  women  by  the  intravenous  method,  while  0'7-0-8  grm.  may  be 
given  locally  to  men,  and  correspondingly  smaller  doses  to  women. 
Children  should  receive  0  005-0"01  grm.  per  kilogrm.  of  body  weight. 
When  the  indications  are  in  favour  of  giving  salvarsan  in  cases  of 
cerebral  disease  or  paras}'philis,  as  well  as  to  very  weakly  patients, 
the  dose  should  be  reduced  to  a  half  of  the  above  amounts. 

Repetition  of  the  dose. — Our  practice,  when  trusting  to 
salvarsan  only,  given  intravenously,  is  to  repeat  the  injection  in  every 
case  a  fortnight  later,  since  it  is  unlikely  that  every  parasite  will  be 
destroyed  by  a  single  intravenous  injection.  In  a  number  of  cases 
we  have  given  one  injection  of  06  grm.  followed  by  three  of  0-3  grm. 
at  fortnightly  intervals  ;  in  others,  a  second  dose  only,  of  0-6  grm., 
has  been  given  after  a  fortnight.  The  question  of  repeating  tlie 
administration  at  a  later  period  depends  on  the  Wassermann  reaction 
and  the  clinical  behaviour  of  the  case.  A  persistently  positive  Wasser- 
mann reaction  is  a  certain  indication  for  repeating  the  dose,  as  well 
as  one  in  which  the  reaction  returns  to  positive  after  being  converted 
to  negative.  The  same  remark  ap23lies  to  cases  in  which  clinical 
symptoms  persist  after  the  injection  for  a  longer  time  than  is  usually 
the  case  after  salvarsan  has  been  given,  and  those  in  which  the 
symptoms  return. 

Adjuvants  to  salvarsan  treatment. — Owing  to  the  fact 
that  very  many  of  the  parasites  may  lie  within  areas  surromided 
by  thrombosed  vessels,  or  actually  in  these  vessels,  and  so  be  pro- 
tected from  attack  via  the  circulation,  treatment  of  primary  cases 
should  include  an  attack  from  without  in  the  shape  of  excision  of  the 
sore,  actual  cautery,  or  the  application  of  calomel  ointment  (calomel 
33,  lanoline  67,  and  vaseline  10).  For  the  same  reason  we  have 
lately  adopted  the  following  plan,  particularly  in  primary  and  early 
secondary  cases :  An  intravenous  injection  of  0  6  grm.  of  salvarsan 
is  first  given  to  destroy  the  great  majority  of  the  treponemata  ;  this 
is  followed  by  three  injections  of  calomel  cream  (Hg^Clo  gi'-  f  in 
each)  and  six  of  mercurial  cream  (Hg  gr.  i  in  each)  at  weekly  in- 
tervals, as  well  as  potassium  iodide  internally,  to  carry  on  the 
process  of  repair  and  prevent  the  remaining  treponemata  from 
starting  any  fresh  areas  of  sclerosis  ;  finally,  an  injection  of  0  6 
grm.  of  salvarsan  is  given  intravenously  to  administer  the  coup  de 
grace  to  the  parasites. 
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By  J.  E.  R.  McDONAGH,  F.R.C.S. 

Definition. — Syphilis  derived  from  iiitra-uterine  infection  of  the 
embryo  with  the  syphihtic  virus. 

General  remarks. — The  result  of  the  infection  is  to  bring 
about  an  abortion,  miscarriage,  or  still-birth,  or  the  birth,  before 
or  at  full  time,  of  a  live  child  showing  signs  of  the  disease  either  at 
birth  or  at  some  subsequent  period. 

Congenital  syphilis  resembles  the  acquired  form,  the  chief  differ- 
ence being  that  it  is  a  general  infection  from  the  beginning,  while  the 
acquired  variety  commences  with  a  local  lesion  or  chancre.  It  is  a 
very  much  more  serious  form  of  the  disease  than  the  acquired.  In 
the  former  the  tissues  affected  are  undeveloped,  and  therefore  fall 
a  more  easy  prey  to  the  poison,  the  mortality  being  high,  while 
death  as  the  result  of  acquired  syphilis  is  the  exception. 

In  the  severer  form  death  takes  place  in  utero,  and  the  macerated 
foetus  is  expelled  two  or  three  weeks  later. 

A  family  history  of  such  an  abortion  occurring  in  each  successive 
pregnancy  is  characteristic  of  syphilis,  but  habitual  abortion  within 
the  first  four  months  of  pregnancy  of  a  non-macerated  foetus  is  not 
proof  (or  evidence)  of  syphilis. 

Frequently  after  a  series  of  abortions  a  seven  or  eight  months' 
child  is  born  alive.  Premature  labours  likewise  not  uncommonly 
run  in  succession,  until,  finally,  a  full-term,  and  possibly  non-syphilitic, 
child  is  born. 

Many  syphilitic  children,  though  born  alive,  die  a  few  hours  or 
days  after  birth,  section  usually  showing  marked  syphilitic  changes 
in  the  internal  organs.  Such  children  come  into  the  world  thin 
and  marasmic,  with  dry,  lax  and  wrinkled  skin,  an  old  and  haggard 
facial  expression,  and  a  weak  and  scarcely  audible  voice.  Arrest  of 
development  may  occur  at  any  period  of  extra-uterine  life  ;  growth 
is  stunted  ;  there  is  lateness  in  dentition,  speech,  and  walking  ;  fre- 
quently there  is  deficiency  of  intelligence,  and  also  a  delay  in  the 
changes  of  puberty. 
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The  degrees  in  which  errors  01  development,  such  as  hare-lip, 
cleft-palate,  club-foot,  spina  bifida,  and  hydrocephalus,  are  dependent 
xipon  syphilis  must  at  present  remain  unsettled,  but  in  a  certain 
proportion  of  cases  a  definite  relationship  seems  to  be  suggested. 

Modes  of  infection. — Infection  may  be  (a)  germinal,  i.e. 
through  the  ova  and  semen,  the  spirochjete  of  syphilis  having  been 
found  in  both.  Maternal  germinal  infection  is  probably  more  fre- 
quent than  paternal  germinal  infection  ;  indeed,  the  latter  is  denied 
by  many  authorities — a  view  difficult  to  disprove,  owing  to  the  fact 
that  the  mother  of  a  syphilitic  child  is  generally  herself  syphilitic. 

(b)  Post-conceptional,  i.e.  through  the  placenta.  Owing  to  the 
difficulty  of  finding  spirocha^tes  in  the  fcetal  portion  of  the  placenta, 
it  has  been  suggested  that  possibly  there  is  an  intermediary  form 
of  the  organism  which  travels  along  the  cord. 

Syphilis  of  both  parents  at  the  time  of  conception  has  a  more 
injurious  effect  on  the  offspring  than  when  one  parent  only  is 
infected.  Further,  maternal  syphilis  appears  to  be  more  injurious 
than  paternal. 

A  mother  acquiring  syj^hilis  after  conception  may  infect  the  child 
in  utero,  the  danger  decreasing  as  the  pregnancy  proceeds. 

Profeta's  law  states  that  the  healthy  child  of  a  syphilitic  mother, 
be  she  syphilitic  at  the  time  of  conception  or  not  till  after,  is  immune 
against  syphilis,  but  loses  its  immunity  at  puberty  ;  but  if  we  accept 
Wassermann's  test  as  diagnostic  of  syphilis,  this  law  cannot  be  main- 
tained, for  many  of  these  children,  who  are  to  all  appearance  healthy, 
give  a  positive  reaction,  which  seems  to  indicate  that  their  blood 
contains  the  syphilitic  antibody  ;  they  are  thus  immune  because  they 
are  syphilitic. 

In  accordance  with  Colles's  law,  the  mother  of  a  syphilitic  child 
is  immune  against  syphilis  ;  here  again  Wassermann's  reaction,  being 
generally  positive,  shows  that  she  is  immune  because  she  is  syphilitic. 

Cases  have  been  recorded  where  the  mother  gave  a  negative 
reaction  and  the  child  a  positive.  This  has  been  taken  as  evidence 
in  favour  of  a  jjure  paternal  iiifection,  but  it  is  doubtful  whether 
there  is  sufficient  evidence  to  justify  an  absolute  dependence  being 
placed  on  a  negative  Wassermann's  reaction. 

It  is  a  curious  fact  that  the  mother  of  a  syphilitic  child  may  not 
show  any  evidence  of  the  disease  during  the  child-bearing  period, 
but  that  after  this  period  gummata  not  infrequently  appear.  There- 
fore clinical  examination  of  the  mother  of  a  suspected  child  may 
be  of  very  little  value. 

The  danger  of  producing  a  syphilitic  child  is  greatest  dui'ing  the 
first  year  after  contracting  the  disease  ;  is  great  during  the  first  four 
years,  but  depends  largely  upon  treatment ;  it  then  diminishes. 
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If  tlie  parents  are  properly  treated,  healthy  children  can  be 
produced. 

If  it  be  established  that  the  Wassermann  reaction  in  sjrphilis  is 
epecific,  then  we  shall  be  able  to  decide  whether  an  apparently 
healthy  individual  is  syphilitic  or  not,  and  to  formulate  certain 
rules  for  treatment : 

1.  A  father  giving  a  positive  result  should  receive  mercurial 
treatment. 

2.  A  mother  giving  a  positive  result  should  also  receive  mer- 
curial treatment ;  and  whether  there  are  symptoms  or  not,  treatment 
should  be  continued  throughout  the  whole  period  of  each  succeeding 
pregnancy. 

3.  Every  child  of  syphilitic  parents  should  have  its  blood  ex- 
amined by  Wassermann' s  method.  If  the  reaction  is  positive  the 
child  should  receive  mercurial  treatment  and  be  suckled  only  by 
its  mother.  If  negative,  no  treatment  is  necessary ;  the  child  can 
be  suckled  by  its  mother,  provided  the  latter  gives  a  negative  reac- 
tion ;  if  not,  it  should  be  bottle-fed,  or  suckled  by  a  wet-nurse. 

Although  of  extremely  rare  occurrence,  cases  have  been  recorded  in 
which  the  disease  was  handed  down  to  the  third  generation,  i.e.  a 
congenital  syphiUtic  propagating  syphilis. 

Symptoms. — A  child  may  have  manifestations  of  syphilis  in 
utero,  which  pass  off  before  birth,  for  children  have  been  born 
with  synechise,  the  sequelae  of  a  previous  iritis,  also  with  pigmenta- 
tion from  old  skin  lesions.  Other  children  may  present  all  the  mani- 
festations of  the  disease  at  birth.  More  commonly  the  infant  is  born 
healthy  and  strong,  but  develops  signs  of  the  disease  within  three 
months. 

Should  no  signs  appear  within  this  time  the  child  must  not  be 
regarded  as  free,  for  they  may  not  develop  until  puberty  or  later 
— i.e.  late  congenital  syphilis.  Therefore  a  suspected  infant  should 
always  be  subjected  to  the  Wassermann  test.  A  positive  result, 
whether  the  child  appears  healthy  or  not,  indicates  the  necessity  for 
treatment ;  and  the  sooner  the  treatment  is  begun  the  less  likeli- 
hood will  there  be  of  late  lesions  supervening. 

It  is  claimed  that  the  Wassermann  reaction  is  so  reUable  in  con- 
genital syphilis  that  a  child  giving  a  negative  reaction  can  be  regarded 
as  syphilis-free.  The  later  the  symptoms  appear  after  birth  the 
better  the  prognosis ;  for,  whereas  the  early  signs  are  invariably 
general,  the  late  are  local,  i.e.  affection  of  bones,  or  eyes,  etc. 

Early  symptoms  are  marasmus  and  a  dry  and  wrinkled  skin  with 
little  or  no  subcutaneous  fat  ;  the  hair  is  short  and  the  nails  un- 
developed, the  nasal  bridge  depressed,  the  voice  weak,  and  the  little 
patient  snuffles  and  has  a  peculiar  cry. 
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Skin.— The  skin  lesions  of  congenital  syphilis  resemble  those  of 
the  acquired  form,  namely,  macular,  papular,  and  pustular  rashes. 
In  both  cases  the  rash  affects  the  whole  body,  but  in  congenital  syphilis 
shows  a  marked  ijredilection  for  the  palms  of  the  hands  and  soles  of 
the  feet ;  so  characteristic  do  some  authors  regard  this  that  they 
state  that  papules  found  in  these  situations  can  be  safely  regarded 
as  syphilitic,  and  their  absence  as  evidence  that  an  eruption  is  non- 
syphilitic.  In  spite  of  the  commonly  entertained  opinion  to  the  con- 
trary, a  rash  on  the  buttocks  is  not  absolutely  diagnostic  of  syphilis, 
being  more  usually  due  to  the  use  of  dirty  napkins  ;  adjacent  surfaces 
that  rub  against  the  buttocks — the  backs  of  the  thighs,  the  calves  of 
the  legs,  and  the  heels — being  similarly  affected. 

The  non-syjihilitic  erythemas  are  always  of  a  bright-red,  inflam- 
matory colour,  while  the  rashes  of  congenital  syphilis  have  a  marked 
brownish  tint  and  are  often  very  pronounced  in  the  flexures,  where, 
owing  to  continuous  friction,  the  horny  layer  becomes  rubbed  off  and 
tlie  surface  eroded. 

The  presence  of  ulcers  is  also  not  necessarily  in  favour  of  syphi- 
lis, for  the  erythemas  may  become  ulcerated,  and  sometimes  deep, 
punched-out  ulcers,  resembling  gummata,  are  fomid — the  so-called 
ecthyma  or  vacciniform  dermatitis.  To  avoid  a  wrong  diagnosis, 
one  should  always  bear  in  mind  Kaposi's  axiom,  that  a  polymorphic 
skin  eruption  on  a  baby  is  diagnostic  of  congenital  syphilis ;  for 
example,  the  presence  of  a  macular  rash  on  the  face  or  other  part 
of  the  body,  and  of  a  papular  rash  on  the  palms  and  soles,  will 
go  far  to  establish  the  syphilitic  nature  of  a  doubtful  rash  on  the 
buttocks. 

Seborrhceic  dermatitis  is  frequently  mistaken  for  a  syphilitic  rash, 
but  in  the  former  the  scalp  is  invariably  dry  and  scurfy,  and  the 
mother  is  usually  suffering  from  seborrhea  (Adamsou). 

A  congenital  sypliilitic  roseola  is  j^ractically  unknown.  The 
commonest  congenital  syphilide  consists  of  macules  distributed  over 
the  whole  body,  and  well  marked  on  the  face  and  head.  On  the  face 
the  eruption  is  not  infrequently  orbicular. 

The  papular  syphilide  affects  chiefly  the  genitals,  anus,  palms  of 
the  hands,  and  soles  of  the  feet,  at  the  same  time  as  the  macular 
syphilide  is  present  on  the  trunlc.  The  papules  may  coalesce  and  the 
surface  become  scaly  or  eroded  ;  the  erosions  or  rhagades  occurring 
at  the  corners  of  the  mouth  leave,  after  healing,  those  radial  scars 
so  suggestive  of  congenital  syphilis.  Linear  scars  are  also  found 
along  the  lower  lip — a  point  of  some  importance,  since  rhagades  at 
the  corners  may  occur  after  any  acute  illness.  Fissures  are  not 
infrequently  found  beside  the  nose  and  around  the  anus.  Peeling 
of  the  palms  is  a  useful  diagnostic  sign. 
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Condylomas  are  found  around  the  anus,  and  more  rarely  in  the 
mouth  ;  they  do  not  usually  make  their  appearance  until  the  child 
is  some  months  old,  often  a  year  or  more  ;  as  a  rule,  the  rash  has 
disappeared,  and  their  jjresence  denotes  absence  or  inadequacy  of 
treatment. 

The  pustular  syphilide  is  the  pemphigus  syphiliticus  neonatorum 
of  the  older  writers  ;  it  is  seldom  found  alone,  being  almost  invari- 
ably accompanied  by  a  maculo-papular  rash.  The  typical  papules  on 
the  palms  and  soles  confirm  the  diagnosis,  and  serve  to  distinguish 
the  syphilitic  pemphigus  from  the  streptococcal  variety  of  pemphigus 
neonatorum.  When  found  alone,  however,  it  is  usually  limited  to  the 
palms  and  soles. 

Syphilitic  pemphigus  is  generally  present  at  birth,  although  it  may 
develop  later,  but  seldom  after  the  first  few  days. 

The  streptococcal  pemphigus  always  appears  after  birth,  and  is 
really  a  form  of  impetigo,  impetigo  being  usually  found  in  some  other 
member  of  the  family ;  it  does  not,  as  a  rule,  attack  the  palms  and 
soles.  Further,  a  child  with  syphilitic  pemphigus  is  always  wasted 
and  looks  to  be  at  death's  door,  while  a  child  with  streptococcal 
pemphigus  looks  fat  and  cheerful.  The  former  disease  generally  ends 
fatally,  while  the  latter  responds  readily  to  weak  antiseptic  baths. 

Gummata  are  occasionally  seen,  but  do  not  in  any  way  differ  from 
the  acquired  form.  Cases  have  also  been  described  (Brinitzer,  SchifE) 
of  symmetrical  gangrene  (Eaynaud),  with  and  without  haemogiobinuria, 
occurring  in  children  after  2  years  of  age. 

It  is  still  a  question  whether  the  cases  of  purpura  which  have  been 
described  as  occurring  in  congenital  syphilitics,  usually  between  the 
ages  of  5  and  10  years,  are  really  specific  in  nature. 

The  nails  are  not  exempt,  and  syphilitic  onychia  is  by  no  means 
uncommon.  The  matrix  becomes  inflamed,  and  the  nail  over  it  loses 
its  gloss  and  becomes  irregular  on  the  surface  ;  tlie  whole  nail  is  gradu- 
ally shed,  and,  unless  mercurial  treatment  is  given,  the  new  nail  will 
likewise  suffer.  The  bullae  of  pemphigus  may  affect  the  matrix, 
the  nail  being  raised  ofi^  its  bed  and  undermined  by  sero-pus. 

Diffuse  defluvium  capillitii  is  not  uncommon  in  congenital  syphilis. 
Some  children  are  born  without  any  hair  on  the  head,  but  such  an 
occurrence  is  distinctly  rare. 

The  lanugo  hair  often  persists  longer  than  usual ;  Avhen  it  dis- 
appears the  scalp  is  left  bald  or  sparsely  covered,  since,  owing  to  the 
malnutrition,  the  new  hair  does  not  grow. 

The  alopecia  may  affect  the  eyebrows  also ;  Barlow  regards 
thinning  of  the  eyebrows  in  an  infant  a  few  months  old  as  very 
suggestive  of  syphilis. 

Teeth. — Contrary  to  current  opinion,  the  primary   teeth  are 
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occasionally  affected.  Still  recorded  a  case  of  the  primary  central 
incisors  resembling  in  every  particular  tlie  so-called  Hutchinsonian 
teetb. 

The  permanent  teeth  show  marked  and  characteristic  changes, 
especially  the  incisor  teeth  of  the  upper  jaw  (Fig.  200),  wliicli 
are  shorter  and  smaller  than  normal ;  consequently  there  are  gaps 
between  the  teeth,  and  when  the  mouth  is  closed  the  teeth  of  the 
upper  and  lower  jaws  do  not  meet ;  tlie  edges  are  not  parallel,  but 
conical  and  wedge-shaped  ;  the  free  border  is  thin  and  crescentic,  a 


Fig.  200.— Upper  teeth  of  a  woman  who  was  the  subject  of 
inherited  syphilis.  All  the  incisors,  and  especially  the 
central  ones,  showed  the  characteristic  central  notch. 

(Fi-cin  /iH/chimoil's  "  Sy/'/ii/ls,"  211,/  a/ it.) 

central  notch  being  caused  by  lack  of  development  of  the  middle 
tubercle.  The  lower  central  incisors  not  rarely  j^resent  changes : 
they  may  resemble  the  incisors  of  the  upper  jaw,  but  more  often 
they  are  rounded  and,  in  their  upper  jjarts,  deficient  in  enamel  and 
therefore  thin  and  rougli.  Wallis  reports  notching  in  the  canines, 
and  the  molars  are  not  mfrequently  dome-shaped,  owing  to  the  mal- 
development  of  their  tubercles. 

Histology  of  skin  lesions. — Hoclisinger  found  that  the  changes 
started  from  the  small  arteries  and  veins,  as  a  small,  round-celled 
infiltration,  wliicli  later  involved  the  sebaceous  glands,  the  hair- 
follicles,  and  the  sweat-glands.  Mast  cells  were  very  numerous,  but 
plasma  cells  and  giant  cells  were  absent — quite  tlie  reverse  of 
what  one  finds  in  acquired  syphilis,  where  the  plasma  cell  is  so 
characteristic.  The  changes  in  the  epidermis  are  entirely  secondary 
in  nature,  and  they  never  amount  to  more  than  a  hypertrophy  of 
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cedematous  epithelial  cells.  The  separation  of  the  rete  Malpighii 
from  the  stratum  corneum  by  a  sero-purulent  exudate  is  said  to  be 
characteristic  of  the  syphilitic  pemphigus.  Hochsinger  states  that 
this  applies  only  to  those  cases  in  which  the  pemphigus  is  present  at 
birth,  and  that  in  those  in  which  it  appears  later  the  rete  Malpighii 
is  separated  from  the  papilte,  often  leaving  the  interpapillary 
processes  behind. 

The  preference  which  the  lesions  show  for  the  palms  and  soles  is 
ascribed  by  Hochsinger  to  the  early  development  of  the  glands  in 
these  regions. 

In  the  bullae  of  pemphigus,  spirochsetes  have  been  found,  and  also 
in  the  other  cutaneous  lesions. 

Hochsinger  made  histological  investigations  of  the  rhagades  around 
the  mouth.  The  cellular  infiltration  in  the  cerium,  both  around  the 
vessels  and  the  glands  (mucous  membrane),  was  so  marked  as  to  press 
upon  and  thin  out  the  epidermis.  Movements  of  the  mouth  caused 
the  thin  epidermis  to  give  way,  with  consequent  ulceration  and 
cicatrization. 

Bones. — Bone  affections  in  congenital  syphilis  are  usually  late 
signs  ;  but  changes  in  utero  do  occur,  e.g.  gummata  resulting  in  spon- 
taneous fractures.  Further,  there  is  a  characteristic  bone  lesion  of 
■early  syphilis,  found  often  at  birth,  called  by  its  discoverer,  Wegner, 
osteo-chondritis  syphilitica.  This  is,  in  the  main,  an  epiphysial  disease, 
which  affects  the  long  bones  and  ribs,  and  is  found  in  almost  every  casj 
of  congenital  syphihs,  although  it  may  not  be  sufficiently  pronounced 
to  be  diagnosed  during  Ufe.  Post-mortem,  it  is  perhaps  the  most 
valuable  sign  in  a  doubtful  case.  It  is  frequently  present  at  birth,  but 
cannot,  as  a  rule,  be  diagnosed  by  external  signs  until  some  months 
later.  It  reaches  its  acme  at  the  age  when  rickets  is  common, 
making  a  differential  diagnosis  extremely  difficult.  The  incidence 
of  this  condition  is  as  follows  :  it  is  most  marked  in  the  lower  epi- 
physis of  the  femur  ;  next,  in  the  lower  epiphyses  of  the  tibia,  ulna, 
and  radius,  upper  epiphyses  of  the  tibia,  femur,  and  fibula ;  and 
least  in  the  lower  end  of  the  humerus.  The  increased  growth  leads 
to  an  enlargement  of  the  epiphysis  ;  as  a  sequel  the  bone  involved 
may  be  shortened  or  lengthened,  or  the  epiphysis  may  be  separated 
from  the  diaphysis.  The  separated  epiphysis  usually  unites  again 
with  the  shaft,  and  no  permanent  disfigurement  ensues. 

Separation  of  an  epiphysis  gives  rise  to  a  chain  of  symptoms 
to  which  the  term  pseudo-paralysis  is  frequently  applied.  In  such  a 
case,  if  the  affected  limb  be  raised  and  dropped,  it  falls  as  if  para- 
lysed ;  spontaneous  movements  are  impossible,  but  muscular  action 
persists  ;  pressure  and  movement  are  painful. 

According  to  Schmidt,  the  pathological  changes  which  result  in 
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a  separation  of  the  epiphysis  are,  first,  au  increase  in  width  of  the 
medulla,  in  which  the  cartilage  cells  disappear  and  become  absorbed 
by  the  blood-vessels  and  the  medullary  tissue ;  and  subsequently 
there  is  a  growth  of  granulation  tissue  between  the  diaphysis  and 
the  epiphysis.  It  was  held  that  this  granulation  tissue  originated 
from  the  bone  marrow  of  the  diaphysis,  but  Schmidt  showed  it  to 
be  a  richly  cellular  connective  tissue,  containing  an  extraordinary 
number  of  blood-vessels,  which  are  shut  off  from  the  diaphysis 
but  communicate  with  the  vessels  of  the  perichondrium  from  which 
they  originate. 

In  consequence  of  the  sj^hihtic  infection,  this  connective  tissue 
increases  in  growth  and  takes  on  the  character  of  granulation  tissue. 
Thereby  the  canals  are  widened.  In  this  connective-tissue  growth 
there  is  an  attempt  at  bone  formation  from  the  cartilage  cells 
included  in  it.  The  process  increases  towards  the  diaphysis,  so 
that  in  time  the  cartilage  which  should  next  ossify  is  completely 
destroyed,  being  pushed,  so  to  speak,  into  the  marrow  of  the  dia- 
physis, to  become  the  prey  of  the  blood-vessels  and  marrow-cells 
therein  ;  further,  the  granulation  tissue  forms  a  barrier  which  pre- 
vents ossification  of  the  cartilage  cells  above  ;  and,  in  consequence, 
separation  of  the  epiphysis  follows. 

The  most  characteristic  feature  to  the  naked  eye  in  a  longitudinal 
section  of  the  diseased  epiphysis  is  the  aj^pearance  of  a  yellow  line, 
often  zigzag,  between  the  epiphysis  and  the  diaphysis. 

Besides  the  changes  described  above,  there  is  usually  some  thicken- 
ing of  the  periosteum,  and  osteophytic  growths.  Periostitis  is  a 
manifestation  of  late  congenital  syphilis,  and  shows  itself  in  various 
ways.  For  instance,  in  the  fingers  and  toes  the  phalanges  are 
enlarged  in  a  spindle-shaped  manner,  the  result  of  an  ossifying  peri- 
ostitis of  the  shafts — dactylitis  syphilitica. 

The  same  condition  may  also  affect  long  bones,  most  frequently 
the  tibige,  especially  on  their  anterior  surfaces.  New  bone  forms  as 
the  result  of  the  inflammation,  and  either  gives  rise  to  a  spindle- 
shaped  swelling  or  to  multiple  swellings — nodes. 

Ossifying  jieriostitis  or  pericranitis  affects  both  the  parietal  and 
frontal  eminences,  causing  prominences  known  as  Parrot's  nodes, 
and  giving  a  natiform  or  "  hot-cross-bun  "  appearance  to  the  cal- 
varium  (Fig.  201). 

Syphilitic  inflammation,  if  secondarily  infected  with  septic  organ- 
isms, may  result  in  necrosis  and  caries  of  bones,  especially  in  the 
case  of  the  hard  palate,  jaws,  nasal  bones,  and  cranium,  and  lead  to 
perforation.  Perforation  of  the  palate  is  especially  diagnostic  of 
syphilis  in  both  the  acquired  and  congenital  forms. 

True  gummata  may  affect  any  of  the  bones,  as  in  acquired  syphilis, 
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but  those  occurring  on  the  skull  do  not  usually  pierce  the  peri- 
cranium or  the  dura  mater. 

Rarefaction  of  bones — osteo-porosis — may  also  occur  and  lead  to 


Fig.  201. — The  natiform  skull. 

{From  HittchinsoLs     Syphilis^^  ind  edit.) 


multiple  fractures.  Parrot  described  a  "  gelatinous  "  atrophy  which 
affects  the  skull  bones,  in  particular  the  occipital,  giving  rise  to 
the  softening  known  as  craniotabes.  Premature  synostosis  of  the 
sutures  of  the  skull  not  infrequently  occurs,  and  is  supposed  to  be  a 
cause  of  idiocy  ;  or  their  patency  may  be  abnormally  prolonged 
(Neumann). 
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Hydrocephalus  occurs  in  congenital  syphilis,  but  is  not  common. 
It  is  usually  due  to  a  lepto-  and  pachymeningitis. 

Osteo-chondritis  syphilitica  is  an  earl)^  manifestation,  while  the 
other  bone  changes  usually  occur  much  later. 

The  bone  changes  above  described  are  for  the  greater  part  also 
met  with  in  rickets.  So  closely  do  rickets  and  congenital  syphilis 
simulate  one  another  that  formerly  they  were  generally  believed  to 
be  one  and  the  same  disease — an  ojiinion  held  until  it  was  proved 
that  rickety  children  could  acquire  syphilis.  There  is  no  doubt  that 
congenital  syphilis  predisposes  to  rickets,  and,  although  the  two 
diseases  are  quite  distinct,  some  of  the  lesions  produced  by  both  are 
indistinguishable  during  life. 

As  a  result  of  osteo-chondritis,  hydrarthrosis  may  supervene. 

Occasionally  a  joint  becomes  filled  with  pus  ;  when  this  occurs  the 
condition  is  almost  invariably  symmetrically  bilateral  (Baumler, 
Glutton). 

Muscular  system. — Muscles  may  be  tlie  seat  of  gummata, 
but  a  syphilitic  myositis  is  usually  secondary  to  a  periostitis. 

Vascular  system.- — The  heart  is  rarely  affected.  Both  diffuse 
myocarditis  secondary  to  an  endophlebitis  and  periphlebitis  or 
arteritis  of  the  small  vessels,  and  gummata  in  the  heart  muscle,  have 
been  described.  The  gummata  are  small,  multiple,  and  to  the  naked 
eye  appear  as  white  spots. 

Changes  in  the  small  vessels  are  all-important,  since  there  is  no 
syphilitic  manifestation  which  is  not  primarily  dependent  on  such 
changes.  In  no  way  do  they  differ  from  those  occurring  in  the  acquired 
form,  namely,  round-celled  infiltration  of  the  media  and  adventitia, 
endarteritis  obliterans,  etc. 

Mucous  membranes. — Catarrh  of  the  mucous  membrane  of 
the  nose,  causing  coryza,  the  so-called  snuffles,"  is  a  very  frequent 
manifestation.  It  may  be  the  first  sign,  and  it  is  a  persistent  one. 
Ulceration  and  involvement  of  the  underlying  periosteum  and  bone 
not  infrequently  occur,  causing  falling-in  of  the  bridge  of  the  nose, 
and  thus  producing  the  so-called  "  saddle  nose." 

Papules,  erosions,  and  ulcers  may  also  affect  the  mucous  mem- 
branes of  the  lips,  cheeks,  and  tongue,  but,  with  the  exception  of 
ulceration  of  the  hard  palate  and  jaw-bones,  are  more  common  in 
acquired  than  in  congenital  syphilis. 

Lungs. — One  or  both  lungs,  either  as  a  whole  or  in  part,  may 
show  the  characteristic  white  pneumonia  of  Virchow.  An  affected 
lung  is  large  and  has  impressions  of  the  ribs  on  its  surface ;  on 
section  it  is  white  or  greyish.  The  chief  changes  are  a  growth 
and  desquamation  of  the  alveolar  epithelium,  with  considerable 
cellular  infiltration  and  hyperplasia  of  connective  tissue.    This  is  the 
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true  "  white  pneumonia,"  and  is  generally  said  to  be  incompatible 
with  life. 

Carpenter  reports  a  case  in  which  death  did  not  occur  until  the 
age  of  13  months.  Still  considers  that  the  condition  is  consistent  with 
much  longer  life,  and  is  the  cause  of  the  fibroid  disease  of  one  lung 
which  is  by  no  means  an  uncommon  disease  in  children. 

A  second  form,  described  by  Heller  as  interstitial  pneumonia, 
is,  as  its  name  implies,  dependent  upon  a  growth  of  the  interalveolar 
and  interlobular  connective  tissue,  which  starts  from  the  vessels  and 
bronchi.  Owing  to  this  connective-tissue  growth,  the  alveoli  become 
compressed.    Such  a  lung  is  enlarged,  pale,  or  greyish-red,  and  hard. 

The  capillaries  are  often  enlarged,  and  tortuous ;  the  alveolar 
epithelium  is  swollen  and  may  show  desquamation,  but  more  often 
it  assumes  a  cubical  character,  the  lung  alveoli  presenting  the  appear- 
ance of  glandular  spaces.  A  combination  of  the  white  pneumonia 
with  interstitial  overgrowth  is  the  most  common  appearance  in  the 
lungs  of  syphilitics. 

Digestive  tract. — The  intestinal  canal  may  be  the  seat  of 
ulcers  which  are  gummatous  in  nature,  and  which  occur  most 
commonly  in  the  small  intestine.  Multiple  miliary  gummata  are 
also  met  with  in  the  mucous  and  muscular  coats  from  the  stomach 
downwards. 

Liver. — The  liver  is  very  frequently  found  diseased  in  children 
who  are  born  dead.  Jaundice  and  ascites  are  rare  complications. 
The  liver  is  usually  enlarged.  The  surface  is  commonly  unaltered, 
except  in  the  contracted  hob-nail  type  of  cirrhosis,  which  is  found  in 
later  childhood. 

Hochsinger  describes  four  varieties  of  hepatic  changes  :- — 

L  Diffuse,  small,  round-celled  infiltration  of  the  connective 
tissue,  and  involvement  of  the  acini  by  these  cells.  The 
inflammation  starts  around  the  small  arteries.  The  macro- 
scopic appearance  of  the  liver  is  normal. 

2.  Hyperplasia  of  the  connective  tissue,  so  that  the  liver  is 

enlarged,  hard  in  consistence,  and  yellow  or  yellow- 
brown  in  colour.  The  commencement  is  a  hyperplasia 
of  the  connective  tissue  in  the  adventitia  of  the  vessels. 

3.  Miliary   gummata   (flint-like  Hver),   greyish-yellow  nodules 

about  the  size  of  a  pin's  head,  are  scattered  about  in  the 
parenchyma  chiefly,  but  also  in  the  interacinous  con- 
nective tissue,  and  especially  around  branches  of  the 
portal  vein. 

4.  True  gummata.    A  rare  condition. 

The  most  typical  hepatic  condition  found  in  infants  is  a  combina- 
tion of  the  first  and  second  of  the  varieties  described  by  Hochsinger. 
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The  liver  may  be  enlarged  and  hard,  but  the  surface  remains 
smooth  or  very  slightly  granular ;  there  is  a  diffuse  pericellular 
cirrhosis,  the  newly  formed  connective  tissue  being  both  cellular 
and  vascular.  The  liver  cells  are  isolated  by  this  newly  formed 
tissue  into  small  groups  of  one,  two,  three,  or  four  cells.  The 
Spirochcete  fcdlida  may  be  demonstrated  in  considerable  numbers 
in  this  form  of  the  disease. 

In  Hochsinger's  third  variety  there  is  often  marked  fibrosis  in 
the  neighbourhood  of  the  gummata.  Large  gummata — the  true 
gummata  of  Hochsinger's  fourth  variety — are  less  common  in  the 
congenital  than  in  the  acquired  form  of  the  disease.  Amyloid 
degeneration  of  the  connective-tissue  stroma  may  occur. 

Besides  the  usual  forms  of  hepatitis  interstitialis  and  gummosa, 
Schiiffel  described  a  condition  peculiar  to  congenital  syphilis,  which 
he  called  peripylephlebitis  syphilitica.  This  is  characterized  by 
enlargement  of  the  liver,  which  is  of  a  brown-green  colour  and  flabby. 
Throughout  the  soft  parenchyma  the  larger  branches  of  the  portal 
vein  can  be  felt  as  hard  cords,  about  the  thickness  of  a  little  finger. 
Cross-section  of  a  cord  shows  the  lumen  of  the  vein  narrowed,  the 
biliary  ducts  and  branches  of  the  hepatic  artery  shut  in  and  con- 
stricted by  fibrous  tissue.  The  change  depends  upon  an  excessive 
fibrous-tissue  increase  of  Glisson's  capsule. 

The  disease  affects  either  of  the  chief  branches  of  the  portal  vein 
and  stops  short  at  the  sinus  vence  portse. 

The  umbilical  vein  is  intact.  Jaundice,  colourless  fa?ces,  meteorism, 
ascites,  enlargement  of  the  spleen,  and  intestinal  haemorrhages  are 
the  clinical  symptoms. 

Pancreas. — This  organ  may  be  affected  by  a  chronic  interstitial 
inflammation  leading  to  enlargement,  and  also  by  gummata. 

Kidneys. — Interstitial  nephritis  is  the  commonest  manifesta- 
tion of  this  disease,  and  it  is  not  infrequently  associated  with  amy- 
loid degeneration.    True  gummata  are  very  rare. 

Suprarenals. — Virchow  and  Barensprung  describe  the  supra- 
renals  as  being  enlarged,  dotted  with  small,  scattered,  yellowish-white 
nodules,  and  showing  marked  fatty  changes  in  the  parenchyma. 

Testicles.- — Gummata  are  extremely  rare,  but  diffuse  inter- 
stitial inflammation  is  not  uncommon  ;  usually  occurring,  as  it  does, 
within  the  first  few  months,  it  is  pathognomonic  of  syphilis  ;  the 
epididymis  may  or  may  not  be  affected,  and  an  accompanying  hydro- 
cele is  rare.  In  consequence  of  this  connective-tissue  hyperplasia, 
there  is  a  growth  and  degeneration  of  the  glandular  epithelium. 

Syphilitic  affections  of  the  female  sexual  organs  are  extremely 
rare.  Besides  the  usual  interstitial  changes,  which  differ  in  no 
way  from  those  observed  in  other  organs,  Schukowsky  reported  an 
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interesting  case  of  metrorrhagia  neonatorum,  which  was  caused  by  an 
endarteritis  obliterans  of  the  vessels  in  the  fundus  uteri. 

Spleen. — Enlargement  of  the  spleen  is  common  in  cases  of 
congenital  s^^philis,  and  is  most  obvious  when  the  child  is  H  or  2 
years  old.  It  is  difficult  in  many  of  these  cases  to  decide  whether 
syphiUs  or  rickets  is  the  proximate  cause  of  the  enlargement. 
Parrot  recognized  two  forms  of  enlargement — one  resulting  from 
a  chronic  hypersemia  due  to  stasis  in  the  portal  circulation  ;  the 
other  due  to  a  true  hyperplasia  of  the  connective  tissue  in  the  gland 
and  in  the  capsule.  Still  reported  two  cases  of  gummata  of  the 
spleen,  but  the  condition  is  extremely  rare. 

Thymus. — This  gland  is  here  mentioned,  since  an  affection  of  it 
has  been  described  as  being  diagnostic  of  congenital  syphilis,  namely, 
Dubois'  abscesses.  These  are  single  or  multiple  abscesses  found  in 
the  gland  substance.  There  is  very  little  evidence  that  they  are 
definitely  syphilitic. 

Central  nervous  system. — Gummata  have  been  described 
as  the  cause  of  epileptic  fits  in  young  children.  Syphilitic  meningitis 
is  not  uncommon.  Idiocy  affecting  several  members  of  the  same 
family  is  by  some  writers  regarded  as  a  sequence  of  syphilis,  though 
there  may  be  no  definite  syphilitic  lesion  observable. 

A  child  may  be  of  normal  intelligence  for  several  years  and  then 
gradually  become  mentally  deficient.  It  may  suffer  from  convulsions 
and  headaches  ;  its  pupils  may  become  unequal,  and  its  knee-jerks 
exaggerated  ;  paralyses  may  set  in,  and  the  child  ultimately  dies — 
juvenile  general  paralysis.  As  a  rule,  the  course  extends  over  three 
or  four  years,  but  acute  cases  are  on  record.  A  thickening  of  the 
meninges  is  usually  all  that  is  found  on  pathological  examination. 

Tabes  dorsalis  has  also  been  observed  in  early  adult  Hfe,  some- 
times associated  with  general  paralysis. 

Spastic  palsies  of  children  are  in  some  cases  due  to  congenital 
syphilis. 

Eyes. — Affections  of  the  eyes  are  extremely  common.  Changes 
in  the  fundus  oculi,  choroiditis,  and  iritis  may  occur  soon  after  birth 
or  be  strictly  congenital.  The  patches  in  the  choroid  are  usually  irre- 
gular in  shape  and  white  in  colour,  with  dark,  pigmented  borders, 
and  are  generally  associated  with  vitreous  opacities.  Choroiditis 
may  interfere  with  vision,  nystagmus  being  the  first  sign  which 
calls  attention  to  the  defect. 

Hutchinson  says  that  iritis  most  frequently  affects  females,  is 
most  commonly  seen  at  the  age  of  5  months,  and  is  often  bilateral ; 
that  it  is  not  characterized  by  the  inflammatory  phenomena  which 
are  met  with  in  adult  iritis  ;  and  that  it  quicklj'  leads  to  occlusion 
of  the  pupil,  but  is  extremely  amenable  to  mercurial  treatment. 


DIAGNOSIS  OF  CONGENITAL  SYPHILIS  8oi 


The  characteristic  and  diagnostic  eye-change  iu  late  syphilis  is 
interstitial  keratitis.  This  usually  appears  just  before  puberty,  affects 
one  eye  first,  and  then  invariably  becomes  bilateral,  whether  the 
patient  is  treated  with  mercury  or  not.  Opaque  areas  appear  on  the 
deep  surface  of  the  cornea,  and  fine  blood-vessels  which  come  from 
the  conjunctiva  and  sclerotic  run  on  and  into  its  substance.  The 
condition  may  last  for  months  or  years  till  sight  is  almost  lost ;  but, 
however  bad  the  case  may  be,  there  is  always  a  wonderful  improve- 
ment on  giving  mercury. 

Double  interstitial  keratitis  is  frequently  associated  with  Hutchin- 
sonian  teeth  and  nodes  on  the  tibia' — tlie  so-called  syphilitic  triad. 
Any  of  these  eye  lesions  may  appear  first  in  adult  life. 

Ears. — In  infancy  there  may  be  a  catarrh  of  the  external  audi- 
tory meatus  and  middle  ear,  but  it  is  in  nowise  characteristic  of 
syphilis.  In  the  late  form,  usually  after  puberty,  there  occurs  an 
insidious  inflammation  of  tlie  internal  ear,  wliicli  in  time  leads  to 
com])letc  loss  of  heai-ing. 

Lymphatic  glands.  —  In  congenital  syphilis  tlie  lymphatic 
glands  may  become  enlarged,  but  there  is  never  a  general  enlarge- 
ment all  over  the  body,  as  is  the  case  in  acquired  syphilis  ;  one  group 
becomes  enlarged,  but  not  from  any  ascertainable  cause.  So  rarely 
are  the  glands  affected  that  enlargement  makes  one  suspect  acquired 
syphilis. 

Diagnosis. —  The  diagnosis  of  congenital  syphilis  is  made  too 
often.  A  rash  on  the  buttocks  seems  to  be  regarded  as  diagnostic  : 
it  is  more  often  due  to  a  simple  erythema  than  not.  A  macular  rash 
on  the  face,  and  papiiles  on  the  palms  and  soles,  are,  however,  pathog- 
nomonic. It  should  not  be  forgotten "  that  "snuffles"  is  often  due 
to  a  simple  catarrh,  and  some  flattening  of  the  bridge  of  the  nose  is 
characteristic  of  all  infants.  Orchitis  and  pseudo-paralyses  are  most 
important  signs,  syphilis  being  the  only  cause  in  early  life.  Much 
weight  cannot  be  laid  on  enlargement  of  the  liver  and  spleen.  Enlarge- 
ment of  the  epiphyses  before  the  first  year  is  diagnostic  of  syphilis. 
In  a  doubtful  case  an  ophthalmoscopic  examination  should  be  made. 

In  later  life,  Hutchinson's  teeth,  interstitial  keratitis,  and  peri- 
ostitis of  the  tibia?  are  the  most  important  diagnostic  signs.  A  most 
valuable  aid  to  diagnosis  is  a  positive  Wassermann  reaction. 

Prognosis. — Infants  born  with  manifestations  of  sypliilis  usually 
die.  Death  is  the  rule  in  cases  of  pemphigus.  Juvenile  paralysis  is 
almost  invariably  fatal.  Children  born  healthy,  but  showing  signs  in 
early  infancy,  if  submitted  to  appropriate  treatment  for  a  full  period 
of  two  or  three  vears  will  almost  certainly  escape  subsequent  mani- 
festations altogether.  Children  who  have  late  signs  have  usually 
been  free  in  early  life,  and  consequently  have  had  no  treatment. 
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Hocbsiiiger,  since  1869,  has  been  able  to  keep  under  observation  134 
women  who  showed  no  signs  of  sypliilis  but  bore  sypliilitic  children. 
These  women  gave  birth  569  times,  253  of  the  children  being  born  dead, 
i.e.  44-4  per  cent.  ;  263  were  sypliilitic  and  53  were  without  a  taint. 
Of  the  263,  55  died  before  the  fourth  year,  i.e.  over  20  per  cent. 

General  pathology. — A  point  upon  which  a  good  deal  of 
stress  should  be  laid  is  the  appearance  of  embryonic  areas  in  the  organs. 

The  syphilitic  virus  affects  an  organ  before  it  is  mature  ;  since 
its  action  is  to  increase  tlie  formation  of  fibrous  tissue,  especially  of  the 
vessels,  the  parenchyma  of  the  organ  suffers  in  nutrition,  and  cannot 
mature  so  quickly  as  it  would  otherwise  have  done  ;  consequently,  at 
or  after  birth  it  may  in  parts  retain  embryonic  characters.  For 
instance,  the  foetal  liver  has  the  capacity  of  manufacturing  blood,  a 
function  which  normally  disappears  after  birth,  but  which  may  be 
retained  in  congenital  syphilis  ;  and  Schridde  describes  cases  showing 
f.reas  where  both  red  and  white  corpuscles  were  found  in  process  of 
manufacture. 

SpirochgEtes  have  been  found  in  every  organ,  but  are  most  abun- 
dant and  frequently  found  in  the  connective  tissue  of  the  medulla  of 
the  suprarenals.  In  the  Hver  they  are  especially  found  in  the  neigh- 
bourhood of  the  large  blood-vessels,  and  in  the  lungs  especially  around 
the  vessels  in  the  walls  of  the  alveoli. 

Lymphocytes  are  found  in  the  cerebro-spinal  fluid,  as  in  the 
acquired  form,  and  the  Noune-Apelt  and  Noguchi  tests  may  prove  of 
some  value  in  diagnosis.  Lymphocytosis  is  the  rule ;  but  since 
lymphocytes  are  so  greatly  in  excess  of  the  other  white  blood- 
corpuscles  in  normal  infants,  no  stress  can  be  laid  on  this  point. 

Treatment. — Attempts  have  been  made  to  limit  the  use  of 
mercury  to  those  manifestations  which  correspond  to  the  secondary 
in  the  acquired  form,  and  potassium  iodide  to  those  simulating 
the  tertiary  symptoms.  But  if  the  child  has  syphilitic  symptoms  of 
any  nature  whatever,  this  is  evidence  of  an  active  virus  ;  and  since 
mercury  is  the  only  proved  specific  against  syphilis,  this  drug  should 
be  invariably  employed. 

Potassium  iodide  is  undoubtedly  useful  in  the  late  manifestations, 
but  should  never  be  solely  relied  upon. 

Mercury  is  best  given  intermittently,  each  course  being  followed 
by  iodides.  Iodides  given  in  this  way  aid  elimination  of  the  super- 
fluous mercury  which  has  been  stored  up  in  the  system.  Infants  are 
very  tolerant  of  mercury  given  internal^,  because  they  are  toothless 
and  consequently  run  no  risk  of  stomatitis. 

Treatment  should  be  commenced  as  soon  as  the  case  is  diagnosed, 
and  in  every  case  giving  a  jjositive  Wassermann  reaction,  even  if  no 
symptoms  be  present. 
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Half  a  grain  of  grey  powder  should  be  given  in  milk  three  times 
a  day ;  if  there  is  any  diarrhoea,  gr.  iii  of  pulv.  cretse  aromat.  may  be 
added.  After  9  months  of  age  the  dose  should  by  gradual  increase 
be  doubled.  This  treatment  should  be  continued  for  two  years,  and 
then  followed  by  Hlv-x  of  syrupus  ferri  iodidi  three  times  a  day 
for  three  weeks.  If  symptoms  have  not  disappeared  before  the  iodide 
is  started,  or  if  it  is  advisable  to  get  the  child  quickly  under  the 
influence  of  mercury — for  instanc?,  in  cases  of  epiphysitis,  iritis,  etc. — 
the  internal  treatment  should  be  augmented  by  inimctions,  gr.  x-xx 
of  ung.  hydrarg.  being  rubbed  in  gently  for  about  an  hour  every 
other  night,  a  fresh  site  being  chosen  for  each  application.  The 
rubbing  should  be  performed  either  in  the  early  morning  or  in  the 
evening  ;  the  part  is  then  to  be  well  covered  with  a  flannel  binder, 
and  the  ointment  washed  off  at  the  next  bath-time. 

Infants  are  especially  liable  to  dermatitis  ;  therefore  it  is  impor- 
tant never  to  allow  any  of  the  ointment  to  get  near  the  groins,  where 
the  urine  acts  as  an  additional  irritating  factor.  Should  dermatitis 
ensue,  inunctions  must  be  stopped  and  recourse  had  to  injections. 
While  injections  are  being  used  tlie  oral  administration  must  be 
stopped. 

Intramuscular  injection  into  the  glutei  of  a  10  per  cent,  emulsion 
of  mercury  salicylate  in  liquid  jjarafhn  or  almond  oil  is  the  best.  The 
injection,  Uliii,  should  be  given  twice  a  week  for  six  weeks,  or  until 
symptoms  have  disappeared  ;  iodides  should  then  be  exhibited. 

If  the  child  has  open  sores,  nothing  is  so  efficacious  as  a  mercurial 
bath,  containing  gr.  xx  of  the  perehloride  in  3  gallons,  continued 
daily  until  the  sores  have  healed. 

Application  of  emplastrum  cinereum,  or  wearing  next  to  the  skin 
clothes  impregnated  with  mercury,  is  a  useful  adjunct  in  treatment 
if  neither  of  the  above  forms  can  be  borne. 

After  the  first  year  the  treatment  should  be  intermittent,  i.e.  one 
of  the  above  methods  should  l)e  employed  for  six  weeks,  or  until 
symptoms  have  disappeared,  and  then  followed  by  iodides.  This 
course  should  be  repeated  three  times  a  year  for  the  ensuing 
two  yeai's. 

Congenital  syphilis  with  late  manifestations  should  be  treated, 
by  preference,  with  inunctions  or  injections. 

An  infant  tjorn  with  svphilitic  manifestations  should  not  be  injected 
with  salvarsan,  as  the  rislc  of  deatli  is  too  great,  the  death  being 
caused  by  substances  (endotoxins)  liberated  by  the  dissolution  of  tlie 
spirochgetes.  If  the  injection  be  given  to  tlie  mother  who  is  suckling 
sucli  a  child,  tlie  manifestations  of  syphilis  in  the  child  will  usually 
disappear  as  the  result  of  the  action  of  antibodies  contained  in  the 
milk  of  the  mother  and   derived   from  the  disintegration  of  her 
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spirochsetes.  This  disappearance  of  the  signs  and  symptoms  of  syphilis 
does  not,  liowever,  mean  that  the  patient  is  cured,  and  it  is  therefore 
important  that  an  intramuscular  injection  should  be  given  whenever 
the  general  condition  of  the  child  allows  it.  The  dose  should  range 
between  0"004  and  0'005  grm.  per  pound  weight. 

In  children  about  3  or  more  years  old  an  intramuscular  injection 
of  salvarsan  is  generally  given,  but  merely  because  intravenous  injec- 
tion is  so  difficult.  When  the  child  reaches  the  age  of  6  or  7  the 
difficulty  is  less,  and  an  intravenous  injection  may  usually  be  given. 
For  a  cliild  aged  7,  0'2  grm.  so  administered  would  be  the  maxi- 
mum dose.  One  injection  is  practically  never  capable  of  converting 
a  positive  Wassermann  reaction  into  a  negative,  and,  if  the  general 
opinion  be  true  that  a  positive  Wassermann  reaction  is  indicative  of 
active  syphilis,  further  injections  are  necessary  to  convert  the  reaction 
into  a  negative  one.  The  common  condition  of  interstitial  keratitis 
is  very  unfavourably  influenced  by  salvarsan. 

Women  who  are  syphilitic  before  conception,  or  who  contract 
syphilis  while  they  are  pregnant,  should  be  treated  with  salvarsan. 
There  is  no  risk  of  abortion,  and  a  beneficial  influence  will  be  exerted 
on  the  future  offspring.  In  both  cases  the  treatment  should  be  sup- 
plemented by  mercury. 
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VENEREAL  DISEASES  OTHER  THAN 
SYPHILIS 


By  C.  a.  LEEDHAM-GREEN,  M.D.,  F.R.G.S. 

Anatomy.  The  lumen  of  the  urethra. — In  the  resting  state 
the  walls  of  the  male  urethra  are  in  contact  with  each  other,  and  are 
only  separated  so  as  to  form  a  canal  during  the  flow  of  urine  and 
semen,  or  the  passage  of  a  surgical  instrument. 

The  diameter  of  the  lumen,  or,  more  correctly,  the  extent  to  which 
the  canal  may  be  dilated,  varies  greatly  in  its  different  parts.  The 
relative  dilatability  of  the  various  portions  is  showTi  in  Fig.  202,  which 
is  drawn  from  a  cast  of  the  urethra  taken  in  fusible  metal  immediately 
after  death.  The  prostatic  and  bulbous  parts  are  more  dilatable 
than  the  penile  and  membranous  parts.  The  meatus  is  not  only  the 
narrowest,  but  by  far  the  most  resistant.  As  will  be  seen  later  on, 
it  is  important  to  know  precisely  to  what  extent  the  several  portions 
of  the  normal  urethra  can  be  dilated.  This  is  indicated  in  the  follow- 
ing table  : — 

/'';■( Hc/i  .•<cnk* 

The  meatus      .      ,    7  to    8  mm.  in  diameter  =  No.  21  to  2i 
Middle  of  penile      .  10  .,     „       „       =  No.  30 

Bulbous  portion  .  13  to  15  „  „  ,.  =  No.  39  to  45 
Membranous  portion    9  to  10  ,,       ,,       =  No.  27  to  30 

Prostatic  portion     .  13  to  15      ,,      ,,       ,,       =  No.  39  to  45 
*  I.e.  will  admit  a  urethral  instrument  of  this  size. 


Muscular  fibres  of  the  urethra  and  bladder.— Although 
it  is  convenient  anatomically  to  divide  the  urethra  into  the  several 
parts  mentioned  above,  in  practice  the  canal  may  be  separated  into 
two  portions,  the  anterior  and  posterior.  Tliis  is  no  arbitrary  division, 
but  is  founded  upon  an  anatomical  and  j^liysiological  basis.  The 
anterior  portion  comprises  the  penile  and  bulbous  parts  ;  the  posterior, 
the  membranous  and  prostatic.  While  the  anterior  portion  is  sur- 
rounded by  erectile  tissue,  the  posterior  is  enveloped  by  muscular 
fibres.    Of  these  muscular  fibres  it  is  necessary  to  say  a  few  words. 
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Situated  witliin  the  prostate  and  surrounding  the  vesical  orifice  there 
is  the  internal  prostatic  or  vesical  sphincter,  an  ill-defined  ring  of 
involuntary  muscular  fibres  intermixed  with  much  elastic  tissue. 
The  fibres  of  tliis  muscle  are  so  slender  that  Finger  and  many  other 
authorities  believe  that  its  action  can  be  but  slight,  and  that  it  is  not 
sufficiently  powerful  to  prevent  the  escape  of  the  urine  from  the  dis- 
tended bladder.  Witliin  the  prostate,  below  the  internal  prostatic 
sphincter,  and  separated  from  it  by  glandular  tissue,  there  is  another 
and  more  powerful  ring  of  muscular  fibres,  chiefly  voluntary,  which 
surrounds  the  urethral  canal  and  constitutes  the  external  prostatic 
or  vesical  spliincter.  When  the  urethral  canal  leaves  the  apex  of 
the  prostate,  it  is  still  surrounded  by  a  thick  layer  of  voluntary  muscular 
fibres,  known  as  the  compressor  urethrfe  (Fig.  203). 


Fig.  202 — Cast  of  the  male  urethra. 

A,  Bladder  ;  e,  prostatic  portion  ;  c,  membranous  portion  ;  d,  bulbous  portion  ;  E,  penile  portion  ; 

F,  fossa  navicularis. 


This  last  muscle  plays  a  very  important  part  in  the  production 
of  "  spasm  of  the  urethra."  A  simple  bougie,  in  its  passage  through 
the  membranous  portion  of  the  urethra  in  a  healthy  person,  stimulates 
the  nerve-endings  of  the  mucous  membrane  and  causes  contraction 
of  the  compressor  urethree  muscle  ;  it  is  therefore  grasped  and  hindered 
in  its  passage  towards  the  bladder.  When  the  urethra  is  inflamed, 
the  slightest  irritation  to  the  mucous  membrane,  such  as  is  caused  by 
the  passage  of  urine,  may  give  rise  to  so  violent  a  spasm  of  this  muscle 
as  to  cause  retention  of  urine.  This  spasmodic  contraction  may  be 
called  forth,  not  only  by  the  passage  of  a  foreign  body  like  a  bougie, 
but  also  by  the  pressure  and  irritation  of  fluids  ;  thus  even  an  unirritat- 
ing  fluid  injected  up  the  healthy  urethra  is  prevented  from  entering 
the  membranous  portion  by  the  contraction  of  the  compressor  muscle. 
Still  more  marked  becomes  the  spasm  when  an  astringent  or  irritating 
fluid  is  injected  up  an  inflamed  urethra. 


THE  COMPRESSOR  URETHR.E 


So; 


It  is  true  that  under  an  aiifcstlietic,  or  by  the  adoption  of  certain 
measures  which  will  be  referred  to  later,  it  is  possible  to  fill  the  bladder 
by  injecting  fluid  into  the  meatus.  But  this  in  no  wise  contradicts 
the  cstabUshed  fact  that  fluids  injected  with  an  ordinary  gonorrhceal 
syringe  do  not  usually  pass  beyond  the  bulbous  urethra. 


Fig.  203. — The  male  urethra  and  adjacent  parts. 

r,  Bladder;  2,  prostate  gland;  3,  internal  vesical  or  prostatic  sphincter;  4,  external  vesical  or 
prostatic  sphincter  ;  5,  ejaciilatory  duct  ;  6,  seminal  vesicle  ;  7,  compressor  urethras  muscle 
surrounding  membranous  urethra  ;  8,  bulb  of  the  corpus  spongiosimi ;  9,  corpus  cavernosum  ; 
10,  glans  penis;   ii,  fossa  na\'icularis  ;    12,  sphincter  ani. 

Now,  just  as  the  compressor  muscle  prevents  the  passage  of  fluids 
to  the  bladder,  so  it  prevents  fluids  from  passing  the  opposite  way, 
viz.  from  the  bladder  to  the  meatus.  Therefore,  if  pus  or  blood  be 
present  in  the  urethra  behind  the  compressor  muscle,  the  fluid  will 
tend  to  pass  backwards  into  the  bladder  rather  than  forwards  towards 
the  meatus. 

Tliis  sharp  separation  of  the  urethra  into  an  anterior  and  posterior 
portion  by  the  compressor  muscle  is  of  the  greatest  importance  for  the 
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proper  understanding  of  the  pathology,  symptoms,  and  treatment  of 
gonorrhoea. 

ACUTE  URETHRITIS 

This  disease  is  caused  by  an  inoculation  of  the  urethral  mucous 
membrane  at  the  meatus  with  the  specific  virus,  the  gonococcus,  and 
soon  extends  as  an  acute  catarrhal  inflammation  as  far  as  the  bulb, 
but  not,  in  favourable  circumstances,  beyond  it.  If  the  inflamma- 
tion spreads  beyond  the  bulb  to  the  posterior  urethra,  this  extension 
must  be  regarded  as  a  distinct  complication,  which  brings  in  its  train 
new  and  unfavourable  symptoms,  and  calls  for  a  different  mode  of 
treatment. 

ACUTE  ANTERIOR  URETHRITIS 

Incubation. — The  period  of  incubation  between  the  inoculation 
with  the  virus  and  the  appearance  of  the  first  symptoms  of  the  disease 
varies  within  certain  limits.  It  may  be  as  brief  as  one  or  two  days, 
or  it  may  extend  to  two,  or  even  three  weeks,  but  in  three-fourths 
of  the  cases  it  is  confined  within  the  limits  of  one  week.  Most  com- 
monly the  first  symptoms  are  noticed  on  the  third  or  the  fourth 
day  after  infection.  It  rarely  occurs  that  the  period  of  incubation  is 
less  than  two  days.  Instances  recorded  as  such  are  generally  to  be 
explained  as  exacerbations  of  latent  chronic  gonorrhoea,  and  not  as 
fresh  infections. 

Symptoms. — Generally,  the  first  symptom  noticed  by  the  patient 
is  a  slight  burning  or  tinghng  sensation  felt  at  the  end  of  the  penis, 
especially  on  micturition.  The  lips  of  the  meatus  then  become  swollen, 
everted,  and  moistened  with  a  slight,  tenacious,  mucous  secretion, 
which  rapidly  becomes  copious  and  purulent.  During  the  next  few 
days  the  pain  on  micturition  increases  considerably,  so  much  so  that 
the  patient  dreads  to  make  water.  The  discharge  rapidly  passes  from 
clear  mucus  to  muco-pus,  and  then  to  thick  creamy  yellow  or  greenish- 
yellow  pus,  which  is  secreted  so  profusely  as  to  be  constantly  dropping 
from  the  meatus.  As  a  rule,  the  penis  is  red  and  swollen,  and  the 
prepuce  oedematous,  so  that  the  glans  is  uncovered  with  difiiculty. 
Not  infrequently  the  lymphatics  of  the  organ  are  inflamed,  and  appear 
as  thin  red  streaks  in  the  integuments  of  the  penis,  and  the  lymphatic 
glands  of  the  groin  are  swollen  and  tender. 

Distressing  sexual  symptoms  are  seldom  absent,  the  inflammatory 
irritation  of  the  parts  inducing  increased  sexual  desires.  In  the  earliest 
stages  of  the  disease  this  condition  often  provokes  the  patient  to 
sexual  excesses  ;  but,  as  the  inflammation  increases,  all  voluptuous 
feelings  are  lost  in  the  intense  pain  which  an  erection  of  the  inflamed 
organ  evokes.    These  painful  erections,  often  accompanied  by  seminal 
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emissions,  form  a  characteristic  feature  of  the  acutest  stage  of  the 
disorder,  and  seriously  interfere  with  rest  and  sleep. 

The  inflamed  condition  of  the  urethra  and  the  corpus  spongiosum 
renders  them  less  elastic  than  usual.  Consequently,  when  the  penis 
becomes  swollen  and  erect,  it  curves  downwards  to  a  greater  or  less 
degree,  and  the  inflamed  urethra  can  be  felt  as  a  cord  holding  down 
the  penis,  hence  the  term  chorda  venerea.  At  these  times  it  not 
infrequently  happens  that  the  pus  is  tinged  with  blood  which 
has  escaped  from  the  engorged  capillaries  of  the  urethral  mucous 
membrane. 

Considering  the  severity  of  the  local  symptoms,  the  general  con- 
stitution is  surprisingly  little  affected.  Apart  from  slight  pallor  of 
tlie  face,  loss  of  aj^petite,  a  feeling  of  malaise,  and  sometimes,  at  the 
acme  of  the  inflammation,  a  trifling  rise  of  temperature,  the  general 
condition  is  hardly  impaired.  The  symptoms  generally  increase  in 
severity  up  to  the  second  or  third  week,  and  then,  if  all  goes  well, 
gradually  abate  as  the  inflammation  slowly  dies  down.  The  secretion 
becomes  thinner,  more  mucoid,  and  lessened  in  quantity,  until  at 
length  only  sufficient  remains  to  glue  the  lips  of  the  meatus  togetlier. 
It  then  disappears,  so  that  at  the  end  of  the  fifth  or  sixth  week  the 
entire  process  is  over,  and  the  disease  is  cured. 

This  may  be  regarded  as  the  normal  and  most  favourable  course, 
but  it  is  liable  to  many  exceptions.  Apart  from  the  occurrence  of 
the  special  complications  to  which  this  disease  is  so  peculiarly  liable, 
and  which  are  more  conveniently  discussed  later  in  this  article,  the 
course  of  the  disorder  may  be  altered  in  the  following  ways  :  (a)  By 
an  exacerbation  or  recurrence  of  the  acute  inflammation  ;  (h)  by  an 
extension  of  the  disease  to  the  posterior  urethra  ;  and  (c)  by  the 
inflammation  pas,sing  into  a  chronic  condition.  The  first  two  of 
these  we  will  now  consider  :  the  third  will  be  discussed  later  (p.  821). 

Exacerbation  of  the  acute  inflammation. — This  not 
infrequently  arises  from  some  indiscretion  in  diet,  more  especially  the 
use  of  alcohol,  or  from  sexual  excitement,  or  unsuitable  local  treat- 
ment. Such  relapses  may  occur  again  and  again,  and  not  only  greatly 
delay  recovery,  but  are  often  most  potent  factors  in  bringing  about 
an  extension  to  the  posterior  urethra,  and  in  causing  the  disorder  to 
become  chronic. 

ACUTE  POSTERIOR  URETHRITIS 
About  tlie  beginning  of  the  third  week  the  inflammation  in  the 
anterior  portion  of  the  urethra  reaches  its  acme,  and,  unless  it 
extend  farther  along  the  urethra,  will  either  entirely  disappear  or 
gradually  pass  into  the  chronic  stage.  Should  it,  however,  extend 
to  the  posterior  urethra,  the  prognosis  is  considerably  graver ;  the 
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risk  of  such  complications  as  epidid3'mitis,  cystitis,  prostatitis,  and 
spermato-cystitis  being  very  great. 

Symptoms. — The  extension  of  the  inflammation  to  the  posterior 
urethra  may  manifest  itself  by  the  sudden  onset  of  painful  symptoms, 
or  it  may  develop  so  insidiously  as  hardly  to  attract  the  notice  of  the 
patient.  The  most  frequent  and  by  far  the  most  distressing  symptom 
is  an  excessive  irritability  of  the  prostatic  mucous  membrane,  causing 
a  constant  desire  to  micturate.  The  intensity  of  this  symptom  is 
proportionate  to  the  degree  of  inflammation.  In  the  acutest  cases 
the  desire  to  micturate  scarcely  ever  abates,  and  is  independent  of 
the  quantity  of  urine  in  the  bladder. 

Another  common  symptom  is  haematuria.  The  last  few  drops  of 
urine  and  pus  are  stained  with  blood,  which  has  been  pressed  out  of 
the  inflamed  mucous  membrane  of  the  membranous  portion  by  the 
contraction  of  the  compressor  urethras.  As  a  rule,  the  bleeding  is 
limited  to  a  few  drops  of  bright  blood  passed  at  the  end  of  micturition, 
but  at  times  the  heemorrhage  is  free.  This,  unfortunately,  often  leads 
to  an  entirely  erroneous  diagnosis,  and  the  unhappy  patient  is  sub- 
jected to  an  instrumental  examination  of  the  bladder. 

A  tliird  and  seldom-absent  symptom  of  this  condition  is  the 
occurrence  of  frequent  seminal  emissions,  due  to  the  irritation  of  the 
caput  gallinaginis.  Its  occurrence  during  the  tliird  or  fourth  week  of 
an  attack  of  acute  gonorrhosa  should  cause  the  surgeon  to  suspect  the 
presence  of  posterior  urethritis.  In  addition  to  these  three  cardinal 
local  symptoms,  there  is  usually  some  constitutional  disturbance, 
shght  fever  and  a  decided  feeling  of  malaise. 

Diagnosis. — The  easiest  and,  in  most  cases,  the  best  way  of 
proving  the  presence  or  absence  of  posterior  urethritis  is  by  means 
of  the  "  two-glass  test "  of  Sir  Henry  Thompson.  It  is  appUed  in  the 
following  manner  :  The  patient,  on  rising  in  the  morning,  passes  his  urine 
into  two  urine-glasses,  half  emptying  his  bladder  into  the  first,  and  then 
passing  the  remainder  into  the  second  glass.  Should  he  be  suffering 
from  anterior  urethritis,  the  urine  in  the  first  glass  will  appear  turbid 
from  the  presence  of  pus,  which  the  flow  of  urine  has  brought  away  ; 
but  the  second  portion  of  urine  will  be  quite  clear,  for  the  urethra 
has  been  swept  free  of  pus  by  the  first  portion  passed.  But  if  it  be 
a  case  of  posterior  urethritis,  not  only  will  the  first  portion  of  urine 
be  turbid,  but  the  second  also.  It  is  obvious  that  this  turbidity  of 
the  second  portion  can  only  be  due  to  a  turbidity  of  the  urine  within 
the  bladder.  As  the  first  portion  of  urine  passed  removes  all  the  pus 
from  the  urethra,  if  the  urine  within  the  bladder  be  clear  the  second 
portion  must  be  clear  also.  The  pus  in  the  anterior  urethra  is  pre- 
vented from  passing  backwards  by  the  strong  compressor  urethras 
muscle,  but  it  is  free  to  pass  forwards,  and  is,  indeed,  aided  by  gravity. 
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But  it  is  different  with  the  pus  found  in  the  posterior  urethra.  Here 
the  compressor  muscle  prevents  it  from  passing  forwards  ;  it  is  free, 
however,  to  pass  backwards  into  the  bladder,  where  it  mixes  witli  the 
urine  collected  there.  In  this  case  both  portions  of  the  urine  first 
passed  in  the  morning  are  turbid,  the  first  being  as  a  rule  the  more 
turbid.  But  if  the  urine  be  tested  in  this  way  during  the  day,  when 
the  urine  has  not  been  retained  for  so  long  a  period  as  during  the  night, 
it  frequently  hajjpens  that  the  second  portion  of  urine  is  quite,  or 
almost,  clear. 

This  variation  in  the  turbidity  of  the  second  portion  of  urine  with 
the  time  of  day  is  one  of  the  chief  diagnostic  signs  of  posterior  urethritis, 
and  distinguishes  it  from  cystitis,  in  which  the  turbidity  of  the  urine 
is  constant,  and  the  second  portion  thicker  than  the  first.  Hence  the 
importance  of  the  rule,  when  testing  for  the  presence  of  posterior 
urethritis,  to  examine  the  urine  first  passed  on  rising. 


Two-Glass  Test 

Acute  anterior 
urethritis 

Acute  posterior 
urethritis 

Cystitis 

First  portion  cloudy. 
Second  jwrtion  clear. 

First  portion  cloudy. 
Second    portion  cloudy, 

though  less  so  than  the 

first  portion. 

First  portion  cloudy. 

Second  jaortion  always 
cloudy,  generally  more 
so  than  the  first  portion. 

The  bacteriological  diagnosis  of  gonorrhoea  is  often  of 
great  value.,  especially  in  medico-legal  cases  and,  as  we  shall  see  later, 
in  forming  a  decision  as  to  the  defijiite  cure  of  the  chronic  condition. 
In  the  acute  stages,  microscopic  examination  of  a  stained  smear  of  the 
pus  will  usually  definitely  establish  the  presence  or  absence  of  the  gono- 
coccus  ;  but  it  is  to  be  remembered  that  the  gonococci  are  not  evenly 
distributed  throughout  the  pus  ;  therefore,  several  films  should  be 
prepared,  and  no  antiseptic  injection  should  have  been  made  for  some 
hours  prior  to  the  examination.  Should  no  gonococci  be  found  on 
the  first  examination,  the  search  should  be  repeated  on  tlie  following 
day,  when,  if  they  are  still  abisent,  it  may  be  safely  concluded  that 
the  case  is  not  one  of  gonorrhoea.  Tliis,  liowever,  applies  only  to 
acute  urethritis.  In  the  chronic  condition  tlie  gonococci  are  met 
with  in  spare  numbers,  and  may  be  entirely  absent  from  the  secretion 
for  days  togetlier.  Moreover,  their  appearance  is  by  no  means  so 
characteristic  as  in  the  acute  stage,  for  the  cocci  are  no  longer  found 
within  the  body  of  the  pus  cells,  but  free,  or  adhering  to  the  surface 
of  epithelial  cells.  Hence  their  detection  may  require  considerable 
bacteriological  experience. 


8l2 


GONORRHCEA 


Morbid  changes  in  the  urethral  secretion  and 
mucous  membrane.— It  may  be  remarked  that  the  nature  and 
amount  of  a  urethral  secretion  are  generally  better  appreciated  by  an 
examination  of  the  urine  than  by  inspecting  the  secretion  as  it  exudes 
from  the  meatus.  This  especially  apphes  to  the  chronic  condition  of 
the  disease  ;  indeed,  as  we  shall  see  later,  it  often  happens  that  the 
only  sign  of  a  chronic  urethritis  is  the  appearance  of  the  urine.  More- 
over, by  the  means  suggested  we  are  enabled  to  ascertain  whether  it 
is  a  case  of  gonorrhoea  or  not,  without  the  patient  being  asked  a  single 
question  or  being  aware  of  our  suspicion.  The  importance  of  this 
when  dealing  with  women,  or  with  men  of  a  sensitive  nature,  will  be 
readily  appreciated.  In  the  earliest  stage  of  the  disease,  if  the  urine 
(and  preferably  the  morning  urine,  for  reasons  which  have  been 
explained)  be  passed  into  a  conical  urine-glass,  it  will  be  noticed 
that  floating  in  the  clear  fluid  there  are  a  few  gelatinous  thread-like 
bodies,  wliich,  if  examined  under  the  microscope,  are  seen  to  be  com- 
posed of  pus  and  epithelial  cells  held  together  by  mucin.  They  are 
formed  by  the  urinary  stream  detacliing  and  rolling  up  the  thin 
tenacious  secretion  produced  by  the  inflamed  mucous  membrane. 
These  filaments  are  known  as  "  urethral  threads." 

As  the  disease  advances,  the  urine  will  no  longer  appear  clear, 
but  cloudy,  from  the  presence  of  mucus.  The  cloudiness  then  gives 
place  to  a  milky  turbidity,  due  to  the  increasing  number  of  pus  cells 
present.  If  the  urine  be  allowed  to  stand  a  few  minutes  the  pus 
cells  will  sink  to  the  bottom  of  the  glass,  forming  a  thick  creamy  sedi- 
ment, over  wliich  will  be  seen  a  light  cloudy  deposit  of  mucus.  In 
the  further  progress  of  the  disease  the  layer  of  pus  increases  in  amount, 
wliile  the  mucus  diminishes.  When  the  disease  has  reached  its  acme, 
little  but  pus  is  seen.  As  it  abates,  all  these  conditions  are  reproduced 
in  an  inverse  order.  First  the  pus  layer  gradually  diminishes  in 
quantity,  the  mucus  proportionately  increasing  ;  the  mucus  then  dis- 
appears, and  in  the  clear  urine  the  urethral  threads  are  seen  floating  ; 
finally,  these  disappear,  and  the  disease  is  at  an  end. 

Much  useful  information  may  be  obtained  from  a  careful  micro- 
scopical examination  of  the  secretion,  apart  from  the  question  as  to 
the  presence  or  absence  of  the  gonococcus.  If  the  secretion  be 
examined  in  the  earliest  stages  of  the  disease,  it  will  be  noticed  that 
the  principal  cells  present,  in  addition  to  leucocytes,  are  large  squamous 
epithelial  cells  ;  gonococci  are  numerous,  either  free  or  sometimes 
in  the  cells  (Fig.  204).  As  the  inflammation  increases  in  severity, 
the  leucocytes  and  gonococci  become  more  and  more  numerous,  the 
epithelial  cells  being  less  frequently  seen.  The  pus  cells  then  become 
crowded  with  the  cocci.  When  the  acme  of  the  disease  is  passed 
and  the  pus  changes  to  a  muco-piirulent  secretion,  it  will  be  found 
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that  the  epithelial  cells  reappear,  again  mingled  with  the  leucocytes. 
The  gonococci  are  still  present,  both  free  and  in  the  pus  cells,  though 
in  smaller  numbers  ;  but  they  are  not  seen  within  the  epithelial  cells, 
though  often  covering  their  surface. 

In  the  latest  stages  of  the  disease  both  leucocytes  and  gonococci 
are  met  with  but  sparingly,  the  urethral  threads  showing  the  presence 
of  transitional  epithelial  cells  with  few  pus  cells  and  cocci. 


Fig.  204. — Acute  gonorrhoeal  pus,  showing  gonococci   and   pus  cells 
with  irregular  nuclei.  1,000. 

Treatment  of  acute  urethritis. — The  treatment  of  gonor- 
rhoea may  be  conveniently  discussed  under  three  heads  :  1,  Diet  and 
hygiene  ;   2,  internal  remedies  ;   3,  local  applications. 

1.  Dietetic  and  hygienic  measures. — The  importance  of  this 
part  of  the  treatment  is  so  fully  recognized  that  it  is  unnecessary  to 
dwell  upon  it  at  any  lengtii.  Experience  has  abundantly  proved  the 
necessity  of  so  regulating  the  patient's  habits  as  to  obtain  the  greatest 
amount  of  rest  for  the  parts  concerned,  and  the  avoidance  of  frequent 
changes  in  the  local  blood  supply.  Everything  which  is  likely  to 
increase  even  temporarily  the  hypersemia  of  the  urethra  is  to  be  as  far 
as  possible  avoided.  It  is  with  this  object  in  view  that  the  patient  is 
placed  on  a  light  and  easily  digested  diet,  and  forbidden  to  take  alcohol 
in  any  form,  or  to  indulge  in  violent  exercises,  such  as  riding,  cycling, 
etc.  He  must  be  also  warned  that  the  slightest  sexual  excitement  is 
in  the  highest  degree  injurious,  and  is  a  frequent  cause  of  retarded 
recovery  ;   and  energetic  measures  must  be  taken,  if  necessary,  to 
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combat  the  tendency  to  protracted  erections  and  nocturnal  semina 
emissions. 

Where  it  is  impossible  for  the  patient  to  remain  in  bed,  the  genitals 
should  be  supported  by  a  well-fitting  suspensory  bandage,  care  being 
taken  that  this  does  not  press  unduly  upon  the  penis  or  perineum. 
Some  arrangement  should  be  contrived  for  the  absorption  of  the  free 
purulent  urethral  discharge.  It  is  not  a  good  plan  to  insert  cotton- 
wool under  the  prepuce,  as  is  so  frequently  advised,  for  this  is  apt  to 
hinder  the  tree  flow  of  the  pus.  A  better  method  is  to  place  the  penis 
in  a  little  absorbent-wool  bag,  such  as  is  supphed  by  Hartmann's 
Wood-Wool  Company.  Finally,  it  is  the  duty  of  the  surgeon  to  point 
out  to  the  patient  the  highly  contagious  character  of  the  disease,  and 
the  necessity  for  the  most  scrupulous  care  and  cleanliness,  lest  infection 
be  conveyed  to  others  or  the  patient  inoculate  himself  in  other  parts 
of  the  body,  such  as  the  conjunctiva  or  the  rectum. 

2.  Internal  remedies. — Although  numerous  drugs  have  been 
advocated  from  time  to  time  as  of  value  in  the  treatment  of  this  disease, 
remarkably  few  have  stood  the  test  of  time.  Almost  the  only  remedies 
wliich  have  proved  themselves  of  decided  value  are  certain  of  the 
balsams,  of  which  sandal- wood  oil  is  the  best.  Copaiva,  which  is  also 
largely  used,  possesses  no  advantages,  and  is  decidedly  more  irritating 
to  the  stomach  and  kidneys.  Although  undoubtedly  valuable,  these 
balsams  rarely  seem  able  completely  to  cure  the  disease,  and  are 
accordingly  to  be  used  only  as  adjuncts  to  the  local  treatment.  They 
should  be  given  in  the  earliest  stage  of  the  disorder.  They  are  of 
special  value  in  those  florid  cases  in  which  all  local  treatment  is  contra- 
indicated  by  the  presence  of  pain  and  irritation.  When  taken  by 
the  mouth  they  are  excreted  more  or  less  unchanged  in  the  urine, 
and  act  as  local  sedatives  and  antiseptics  to  the  inflamed  mucous 
membrane.  As  a  rule,  they  are  beneficial  and  well  tolerated  ;  but 
they  may  entirely  fail  to  cause  any  improvement,  or  may  even  give 
rise  to  serious  disturbance.    In  either  case  a  change  of  drug  is  indicated. 

The  most  common  ill-eft"ects  induced  by  sandal-wood  oil  and  other 
balsams  are  nausea,  dyspepsia  and  heartburn,  and  other  evidences 
of  gastric  disturbance,  cutaneous  rashes,  and  irritation  of  the  kid- 
neys, causing  a  dull  aching  pain  in  the  loins,  and  the  appearance  of 
albuminuria. 

Vaccine  treatment. — During  recent  years  attempts  have  been  made 
favourably  to  influence  gonorrhoeal  inflammations  by  inoculating  the 
patient  with  small  doses  of  a  vaccine  prepared  from  a  gonococcal 
culture.  Up  to  the  present  such  attempts  cannot  be  said  to  have 
been  very  successful  in  the  acute  stages,  and  this  method  is  generally 
reserved  for  the  severe  forms  of  chronic  and  metastatic  inflammation 
which  do  not  yield  to  other  modes  of  treatment.    It  is,  however,  too 
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early  to  pronounce  upon  a  method  wliich  is  still  in  the  experimental 
stage. 

3.  Local  applications. — Local  remedies  have  always  played  a 
large  part  in  the  treatment  of  urethritis,  more  especially  since  the 
microbic  origin  of  the  disease  was  determined  ;  and  there  can  be  no 
question  that  the  application  of  remedies  directly  to  the  affected  part 
is  both  rational  and  highly  successful  ;  for  though  by  means  of  dietetic 
and  hygienic  measures  and  the  administration  of  balsams  the  disease 
can  be  greatly  modified,  yet  these  measures  alone  are  rarely  sufficient 
to  bring  about  a  complete  cure. 

If  from  the  mass  of  suggested  remedies  we  select  those  which  have 
proved  themselves  to  be  of  value,  we  shall  find  the  list  to  be  surj^risingly 
small.  Chief  and  foremost  must  be  mentioned  the  old  remedy,  nitrate 
of  silver.  This  is  one  of  the  most  trustworthy  of  local  applications. 
Unfortunately  it  is  very  irritating,  even  in  dilute  solutions  ;  besides 
which  it  is  readily  decomposed  by  the  chlorides  present  in  the  jjus. 
Recently  a  number  of  combinations  of  this  salt  with  various  albu- 
minous bodies  have  been  placed  on  the  market,  several  of  which  have 
proved  to  be  valuable.  The  great  advantage  of  these  combinations 
is  that  they  cause  little  or  no  pain  or  irritation  when  injected,  and 
are  not  decomposed  by  the  pus.  Moreover,  as  they  do  not  produce  a 
coagulation  of  the  albumin,  they  seem  able  to  penetrate  somewhat 
deeper  into  the  tissues  than  pure  nitrate  of  silver.  The  earliest  of 
these  preparations,  argentamin  and  argonin,  proved  to  be  unstable, 
but  the  more  recent  compounds,  protargol,  largin,  and  albargin,  are 
free  from  this  defect. 

Next  to  nitrate  of  silver  and  its  compounds  in  order  of  value  are 
solutions  of  permanganate  of  potash,  sulphate  of  thallin,  oxycyanide 
of  mercury,  sulphate  of  zinc,  and  sulphate  of  copper. 

Such  are,  in  general,  the  lines  on  which  the  treatment  of  acute 
gonorrhoea  is  based.  It  will  now  be  convenient  to  consider  the  details 
of  the  treatment  under  two  heads,  viz.  :  (1)  when  the  disease  affects 
the  anterior  urethra  only,  and  (2)  when  it  affects  the  posterior  urethra. 

Treatment  of  acute  anterior  urethritis.  —  Although  it  is 
unusual  for  a  hospital  patient  to  apply  for  treatment  until  the  discharge 
is  copious  and  the  disease  fairlv  advanced,  it  not  infrequently  happens 
that  the  more  intelligent  private  patient  seeks  medical  aid  at  the 
first  sign  of  the  disorder.  In  such  a  case  the  surgeon  may  feel  tempted 
to  try  and  cut  short  the  malady  by  the  application  of  some  strong 
antiseptic  remedy.  This  so-called  abortive  treatment  has  received 
much  attention,  and  everv  few  vears  its  use  has  been  revived  ;  yet 
it  must  be  confessed  that  there  is  little  to  be  said  in  its  favour,  either 
from  a  theoretical  or  from  a  practical  point  of  view.  The  gonococci, 
within  even  a  few  hours  of  the  inoculation,  penetrate  between  the 
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epithelial  cells  to  the  deeper  parts  of  the  urethral  mucous  membrane, 
in  which  situation  they  are  effectually  protected  from  the  strongest 
antiseptics  that  can  be  applied.  Moreover,  the  use  of  these  strong 
antiseptics  induces  a  violent  inflammatory  reaction,  which  is  likely 
greatly  to  aggravate  the  disorder.  For  these  reasons  the  use  of 
strong  abortive  remedies  has  been  to  a  large  extent  abandoned. 

The  abortive  treatment  is  most  likely  to  prove  successful  in  tliose 
rare  instances  in  which  the  patient  seeks  medical  advice  immediately 
after  exposure  to  infection.  As  the  gonococci  are  then  probably 
merely  lying  on  the  surface  of  stratified  epithelium  lining  the  fossa 
navicularis,  the  introduction  of  a  relatively  strong  antiseptic  fluid 
at  this  period  may  reasonably  be  expected  to  destroy  the  specific 
virus,  and  so  prevent  the  development  of  the  disease.  On  the  Conti- 
nent this  prophylactic  treatment  has  been  largely  adopted,  and  appears 
to  have  a  considerable  measure  of  success.  For  this  purpose  a  few 
drops  of  an  antiseptic,  such  as  a  1  per  cent,  solution  of  nitrate  of  silver 
or  albargin,  a  10  to  20  per  cent,  solution  of  protargol,  or  1-1,000  of 
oxycyanide  of  mercury,  are  introduced  into  the  meatus  before  and 
immediately  after  exposure  to  infection. 

Although,  as  a  rule,  we  may  with  advantage  at  once  apply  local 
remedies  in  the  acute  stage  of  the  disorder,  there  are  two  conditions 
which  contra-indicate  this  treatment.  The  first  of  these  is  an  excep- 
tionally acute  inflammation,  as  evidenced  by  much  oedema  of  the 
penis  and  prepuce,  excessive  chordee,  and  blood-stained  secretion. 
The  other  is  the  presence  of  a  complication  such  as  epididymitis.  In 
such  circumstances  all  local  applications  must  be  postponed  until 
the  more  acute  symptoms  have  subsided. 

I  usually  commence  the  treatment  by  ordering  the  injection  of 
J  per  cent,  protargol  ^  solution  three  times  a  day,  the  fluid  to  be  retained 
in  the  urethra  four  minutes.  The  effect  of  this  treatment  is  generally 
very  marked  :  tlie  purulent  discharge  rapidly  diminishes,  and  the  pain 
and  priapism  disappear.  When  these  effects  are  secured,  the  strength, 
duration,  and  frequency  of  the  injections  may  be  gradually  increased. 
At  the  end  of  the  third  day  the  strength  of  the  fluid  may  be  raised 
to  J  per  cent,  solution,  at  the  end  of  the  week  to  |-  per  cent.,  and  on 
the  tenth  day  to  1  per  cent.  At  the  same  time  the  injections  are  given 
more  frequently — four,  five,  or  six  times  a  day — and  tlie  fluid  retained 
for  five  minutes  or  longer.  This  is  all  contingent  upon  the  injections 
being  well  borne,  causing  neither  smarting  nor  discomfort,^  and  on 
the  inflammatory  symptoms  declining. 

1  The  protargol  solutions  should  be  freshly  made  with  cold  distilled  water, 
as  heat  decomposes  the  compound. 

2  If  the  urethra  is  very  sensitive,  antipyrin  or  nitrate  of  novocain  to  the 
extent  of  3  per  cent,  may  be  added  with  advantage  to  the  protargol  solution. 
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Under  the  above  treatment  the  inflammatory  symptoms  usually 
rapidly  abate,  the  priapism  and  pain  on  micturition  cease,  and  the 
secretion  diminishes  greatly  in  quantity,  and  becomes  less  purulent 
and  more  mucoid  in  character  ;  the  pus  cells  are  less  numerous,  and 
epithelial  cells  appear  ;  the  gonococci  are  no  longer  seen  in  large 
numbers,  and  soon  almost  entirely  disappear.  When  this  change  has 
taken  place,  usually  in  the  second  week,  the  injection  fluid  should 
be  altered  to  one  having  more  astringent  properties.  Twice  a  day, 
morning  and  mid-day,  permanganate  of  potash  (1-10,000)  may  be 
used,  and  in  the  evening  nitrate  of  silver  (1-10,000).  The  strength 
of  tlie  latter  may  be  cautiously  increased  from  time  to  time,  for  the 
urethra  quickly  becomes  tolerant  of  these  antiseptics,  so  that  a  solution 
tliat  at  first  caused  smarting  and  discomfort  is,  in  a  day  or  two,  hardly 
felt.  For  the  same  reason  it  is  well  occasionally  to  vary  the  nature  of 
the  injection.  It  must  be  understood  that  the  strength  of  the  solutions 
mentioned  above  represents  but  an  average  useful  strength.  The 
more  acute  the  inflammation,  the  weaker  must  be  the  injection.  The 
effect  of  the  astringent  treatment  is  soon  noticed  ;  the  discharge 
rapidly  diminishes,  until  it  disappears,  and  perhaps  only  a  "  thread  " 
or  two  can  be  detected  in  the  urine  to  indicate  inflammatory  action. 

At  this  stage  the  patient,  being  free  from  pain,  and  not  seeing  any 
discharge,  will  almost  inevitably  believe  himself  to  be  cured,  and, 
unless  convinced  of  his  error  by  his  medical  attendant,  will  withdraw 
himself  from  all  further  treatment.  Should  he  do  so  and  return  to 
his  former  mode  of  living,  in  all  probability  the  discharge  will  reappear  ; 
for  the  gonococci,  not  being  completely  eliminated,  will,  in  favourable 
circumstances,  rekindle  the  inflammation.  In  the  normal  course  of 
tlie  disease  a  cure  is  rarely  obtained  under  five  or  six  weeks,  and  this 
period  will  be  prolonged  if  exacerbations  or  complications  take  place. 

Should  the  disease  still  persist  at  the  end  of  the  sixth  or  eighth 
week,  as  evidenced  by  the  presence  of  mucus  and  "  threads  "  in  the 
urine,  it  miLst  be  regarded  as  having  passed  into  the  subacute  or  chronic 
stage,  and  as  requiring  treatment  appropriate  to  that  condition.  (See 
p.  828.) 

Treatment  of  acute  posterior  urethritis. — As  the  extension 
of  the  inflammation  to  the  posterior  part  of  the  urethra  does  not 
usually  take  place  until  about  the  third  week  after  the  beginning  of 
the  attack,  the  case  is  generally  under  treatment  when  this  com- 
plication appears.  If  the  spread  of  the  inflammation  gives  rise  to 
very  acute  symptoms — hagmaturia,  frequent  micturition,  or  seminal 
emissions — all  injections  should  be  stopped  until  these  symptoms 
have  died  down.  As  in  anterior  urethritis  at  such  a  period,  the  treat- 
ment must  be  purely  constitutional,  all  local  interference  tending  to 
aggravate  the  inflammation. 
3  A 
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1.  Constitutional  treatment. — The  constitutional  treatment  is  the 
same  as  that  for  anterior  urethritis,  except  that  saUcylate  of  soda 
is  generally  more  useful  than  the  balsams.  This  drug,  though  of 
comparatively  little  value  in  inflammation  of  the  anterior  urethra, 
has  a  very  beneficial  effect  in  posterior  urethritis.  Under  its  action 
the  urine  rapidly  clears,  and  the  acute  distressing  symptoms  disappear. 
It  may  be  given  in  doses  of  gr.  x-xxx  three  times  a  day.  Salol 
or  salicine  may  be  used  instead,  but  I  prefer  the  salicylate  of  soda. 
These  drugs  have  the  great  advantage  of  rendering  the  urine  markedly 
acid — a  point  of  considerable  importance  ;  for  the  maintenance  of  the 
acidity  of  the  urine  is  our  strongest  prophylactic  against  cystitis  due 
to  spread  of  the  urethral  inflammation  to  the  bladder.  Although 
salicylate  of  soda  is  generally  more  efficacious  in  those  cases  than  any 
of  the  balsams,  it  is  not  always  so.  If  it  fails  speedily  to  reduce  the 
symptoms,  one  of  the  balsams  should  be  given. 

Apart  from  the  administration  of  salicylate  of  soda,  the  treatment 
must  also  be  directed  to  combating  the  three  prominent  symptoms 
of  acute  posterior  urethritis — vesical  tenesmus,  hfemorrhage,  and  seminal 
emissions.  The  first  may  be  mitigated  by  sedatives  and  the  use  of 
hot  sitz-baths.  As  a  rule,  the  slight  haemorrhage  which  accompanies 
the  vesical  tenesmus  is  best  treated  by  the  sedatives  above  mentioned. 
When  of  a  severe  character  and  unaccompanied  by  vesical  tenesmus, 
it  may  be  restrained  by  the  instillation  of  cocaine  (2  per  cent.)  and 
adrenalin  (1—1,000).  The  tendency  to  frequent  seminal  emissions, 
which  is  so  common  a  feature  of  this  disease,  must  be  energetically 
combated,  for  the  intense  hypersemia  they  cause  is  in  the  highest 
degree  injurious,  retarding  the  recovery  of  the  mucous  membrane. 
For  this  purpose  bromide  of  potassium,  monobromide  of  camphor, 
and  heroin  are  generally  the  most  useful  drugs. 

The  importance  of  rest  in  the  treatment  of  acute  gonorrhoea  has 
already  been  noticed,  but  it  must  be  emphasized  in  connexion  with 
acute  posterior  urethritis. 

2.  Local  treatment.- — The  principles  of  treatment  for  acute  pos- 
terior urethritis  are  the  same  as  those  laid  down  for  acute  anterior 
urethritis,  namely,  to  withhold  local  applications  during  the  acutest 
stage  of  the  disease.  When  this  stage  has  passed,  and  as  the  inflam- 
mation subsides,  the  bland  antiseptics  may  be  used,  and  graduaUy 
changed  to  more  astringent  ones.  The  application  of  these  remedies 
requires  certain  modifications  of  the  method  advocated  in  the  preceding 
section.  When,  and  not  until,  the  tenesmus  and  other  painful  symptoms 
have  quite  disappeared  under  the  constitutional  treatment,  the  local 
applications  may  be  begun  by  ordering  the  patient  a  dilute  solution 
of  protargol  (J  to  J  per  cent.),  or  sulphate  of  thallin  (1  per  cent.).  The 
solution  may  be  injected  three  or  four  times  a  day,  in  the  manner 


TREATMENT  OF  ACUTE  URETHRITIS  8iq 


described  when  speaking  of  acute  anterior  urethritis.  As  these  fluids 
are  non-irritating,  they  do  not  usually  produce  a  powerful  contraction 
of  the  compressor  urethrfe  muscle,  and  so  are  allowed  to  pass  into 
the  posterior  urethra.  The  injection  should  ):)e  retained  in  the  urethra 
for  fifteen  minutes,   so  that 


the  primary  contraction  of  the 
compressor  urethra?  may  relax 
and  allow  the  fluid  to  pass 
backwards.  The  patient  should 
be  instructed  to  aid  the  pass- 
age of  the  fluid  by  relaxing  as 
far  as  possible — that  is  to  say, 
he  should  try  to  micturate  while 
the  injection  is  being  made. 
The  beneficial  effect  of  the 
injections  is  generally  quicldy 
seen.  Within  a  few  days  the 
purulent  secretion  diminishes 
and  becomes  more  mucoid  in 
charracter.  When  this  takes 
place  and  all  painful  symptoms 
are  absent,  the  astringent  reme- 
dies may  be  applied.  But  it  is 
useless  to  order  their  injection 
with  the  ordinary  gonorrha^al 
syringe  ;  the  fluid  would  never 
pass  the  compressor  urethra^, 
which  is  thrown  into  strong 
spasm  by  the  irritating  solution. 
This  difficultjnnay  be  overcome 
by  either  of  two  methods — we 
may  gradually  increase  the 
pressure  of  tlie  fluid  injected  at 
the  meatus  until  it  is  sufficient 
to  overcome  the  spasm  of  tlie 
compressor  urethra?  (Janet's 
irrigation)  ;  or  we  may  inject 
the  fluid  by  some  suitable  in- 
strument, such  as  a  catheter. 

Janefs  irrUjatiov  is  carried  out  by  means  of  an  irrigator  holding 
a  pint  or  more  of  fluid,  fitted  with  a  couple  of  yards  of  tubing  and  a 
conical  glass  cannula.  Fig.  205  shows  Valentine's  instrument  for 
the  purpose.  The  temperature  of  the  irrigation  fluid  should  in  all 
cases  be  from  38°  to  40°  C.     The  patient  having  first  half-emptied 
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-Valentine's  urethral 
irrigator. 
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the  bladder,  so  as  to  clear  the  urethra  of  pus,  the  end  of  the  glass 
cannula  is  inserted  into  the  meatus  and  the  irrigator  raised  a  foot 
or  two. 

The  pressure  of  the  fluid  is  sufficient  to  distend  the  anterior  urethra, 
but  not  to  overcome  the  compressor  muscle.  The  cannula  is  then 
removed,  and  the  fluid  allowed  to  escape  from  the  urethra.  After 
this  has  been  repeated  two  or  three  times  with  a  view  to  the  thorough 
washing  out  of  the  anterior  urethra,  the  cannula  is  reinserted,  and  the 
irrigation  raised  until  the  pressure  of  the  fluid  is  sufficient  to  overcome 
the  compressor  muscle ;  the  lotion  then  enters  the  posterior  urethra 
and  passes  on  to  the  bladder.  As  a  rule,  the  irrigator  must  be  raised 
from  1^  to  2  yards  before  the  resistance  of  the  compressor  muscle  is 
overcome.  The  irrigation  is  best  done  with  the  patient  lying  on  his 
back  with  the  legs  apart.  As  the  irrigator  is  being  raised,  the  patient 
should  be  instructed  to  relax  the  urethral  muscles  by  trying  to  micturate. 
It  is  by  no  means  always  easy  to  inject  into  the  posterior  urethra  by 
this  means,  the  distension  of  the  urethra  sometimes  causing  severe 
pain.  Where  this  is  the  case,  it  is  well  to  give  a  small  preliminary 
injection  of  a  weak  novocain  solution  (2  per  cent.)  a  few  minutes  before 
irrigating. 

The  principal  advantages  derived  from  this  method  are  that  the 
pressure  of  the  fluid,  by  stretching  the  urethral  mucous  membrane 
and  obliterating  its  folds,  ensures  the  lotion  coming  into  contact  with 
its  entire  surface. 

Abundant  experience  has  demonstrated  that  the  fear  of  infecting 
the  bladder  by  these  methods  of  irrigation  is  groundless.  The  fluid 
injected  into  the  bladder  does  not  require  to  be  removed  by  the 
surgeon  ;  it  is  passed  naturally  at  the  close  of  the  procedure. 

It  is  best  to  select  at  first  very  weak  solutions  of  mild  remedies, 
such  as  protargol  (J  to  1  per  cent.),  or  sulphate  of  thallin  (1  per 
cent.),  and  after  a  few  days  to  pass  on  to  stronger  and  more 
astringent  solutions,  such  as  permanganate  of  potash  (1—10,000  to 
1-2,000),  albargin  (1-5,000  to  1-1,000),  or  nitrate  of  silver  (1-10,000 
to  1-500).  As  a  rule,  the  nitrate  of  silver  solutions  are  the  most 
efficacious. 

The  irrigation  is  performed  by  the  surgeon  every  two  or  three 
days,  the  patient  continuing  his  injections  with  the  small  syringe 
twice  each  day. 

Simple  posterior  urethritis,  unless  complicated  by  an  infection  of 
the  prostate,  generally  responds  readily  to  treatment,  and  usually 
clears  up  before  the  inflammation  in  the  anterior  part.  When,  there- 
fore, the  surgeon  finds  that  the  second  portion  of  the  morning  urine 
is  constantly  clear,  he  should  stop  the  special  treatment  of  the  posterior 
urethra  and  devote  his  whole  attention  to  the  anterior  urethra. 


PATHOLOGY— SYMPTOMS 


821 


CHRONIC  URETHRITIS 

Pathology.  —  There  is  naturally  no  sharp  line  to  be  drawn 
between  the  morbid  processes  observable  in  the  acute  and  the  chronic 
forms  of  this  disease,  the  one  form  merging  imjjerceptibly  into  the 
other.  The  inflammation  subsides,  and,  losing  the  general,  diffuse 
distribution  of  the  acute  stage,  lingers  only  in  more  or  less  circum- 
scribed areas.  Here,  in  consequence  of  the  prolonged  irritation  from 
the  gonococci,  there  is  induced  a  proliferation  of  the  subepithelial 
tissue  cells,  forming  the  so-called  small-celled  infiltration.  This  pro- 
liferation of  the  connective-tissue  cells  is  always  a  well-marked  feature 
in  the  chronic  stage,  but  a  certain  degree  of  proliferation  is  present 
even  in  acute  cases.  The  areas  of  small-celled "  infiltration  are 
generally  localized  in  small  foci  round  or  in  the  neighbourhood  of  the 
lacunar  and  ducts  of  the  mucous  glands.  They  are  often  extremely 
vascular,  and  present  a  granular  appearance. 

The  epithelium  beneath  which  they  are  developed  may  remain 
either  unchanged  or  but  slightly  tt'dematous  and  loosened.  Erosions 
or  ulcerations  are  decidedly  rare.  After  a  time  spindle-shaped  con- 
nective-tissue cells,  and,  later,  definite  fibres  of  connective  tissue,  are 
developed  in  the  areas  of  infiltration.  Their  soft  character  is  lost, 
and  the  areas  gradually  become  converted  into  dense  fibrous  or  scar 
tissue.  At  the  same  time  the  epithelium  lying  over  the  areas  also 
undergoes  a  metaplasia,  gradually  losing  its  cylindrical  form  and 
assuming  a  stratified,  squamous  type. 

As  a  rule,  the  inflammation  does  not  extend  beyond  the  subepithelial 
tissue,  the  deeper  structures  being  imaffected.  When,  however,  the 
j^eriurethral  tissues  do  become  involved,  the  subsequent  cicatricial 
contraction  causes  a  diminution  in  the  calibre  of  the  urethra,  and  so 
gives  rise  to  the  formation  of  a  stricture. 

Symptoms. — When  the  inflammation  is  limited  to  the  mucous 
membrane,  that  is  to  say,  has  not  afliected  the  submucous  tissue,  it 
causes  but  little  inconvenience  to  the  patient.  There  is  usually  a 
complete  absence  of  pain  on  micturition,  though  sometimes  a  slight 
irritation  is  felt  at  the  end  of  the  penis.  The  most  noticeable  symptom 
is  the  well-known  bead  of  purulent  secretion  which  is  found  at  the 
meatus  on  waldng  in  the  morning,  and  is  aptly  calletl  the  "  bon-jour 
drop."  The  secretion  is  so  slight  that  during  the  day,  when  the  urethra 
is  frequently  irrigated  by  the  stream  of  urine,  the  drop  of  pus  may 
not  be  seen,  though  the  lips  of  the  meat.us  may  stick  together. 

If  the  urethritis  be  fairly  recent,  the  first  portion  of  urine  will  be 
turbid  from  mucus,  and  will  show  the  presence  of  urethral  threads. 
If  the  process  be  of  long  standing  and  free  from  any  exacerbation,  the 
urine  will  be  quite  clear  and  free  from  mucus,  but  will  show  the  threads 
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Fig.  206. 
Acorn-headed 
black-gum 
bougie. 


floating  in  it.  Often  the  only  sign  of  a  chronic  urethritis  is  the  pre- 
sence of  a  few  urethral  threads  floating  in  the  urine  first  passed  in  the 
morning,  the  secretion  in  such  cases  being  too  shght  and  tenacious  to 

appear  at  the  meatus  as  the  "  bon- 
jour  drop."  Should  the  inflammation 
extend  to  the  tissues  beneath  the 
mucous  membrane,  other  and  more 
serious  symptoms  are  likely  to  de- 
velop ;  for,  as  the  small-celled  infil- 
tration gradually  midergoes  cicatricial 
contraction,  the  lumen  of  the  urethra 
is  diminished,  and  the  symptoms  of 
a  stricture  are  added  to  those  de- 
scribed above. 

Should  the  deeper  structures  of  the 
posterior  urethra  become  involved, 
distressing  urinary,  sexual  and  general 
nervous  symptoms  will  be  evoked  in 
consequence  of  the  irritation  of  that 
highly  nervous  organ,  the  prostate. 

Examination. —  Before  treat- 
ment is  begun  the  establishment  of  an 
exact  diagnosis  is  essential.  We  must 
loiow  not  only  whether  the  urethra 
is  inflamed  or  not,  but  whether  or 
not  the  gonococcus  is  still  present. 
Are  other  micro-organisms  present 
in  the  secretion,  and  if  so,  what  is 
their  nature  ?  Where  is  the  inflam- 
mation situated,  in  the  anterior  or 
the  posterior  urethra  ?  Is  the  in- 
flammation limited  to  the  mucous 
membrane,  or  has  it  extended  to  the 
deeper  structures  ?  Is  there  any 
diminution  of  the  calibre  of  the  ure- 
thra ?  Has  the  inflammation  spread 
to  other  organs,  such  as  the  bladder, 
prostate,  seminal  vesicles,  etc.  ? 

To  answer  these  questions  a  full 
and  systematic  examination  of  the 
patient  is  necessary.  The  steps  of  the 
bacteriological  examination  and  the  method  of  determining  whether 
the  inflammation  affects  the  anterior  or  the  posterior  urethra  have  been 
treated  above,  in  connexion  with  the  diagnosis  of  acute  urethritis. 


Fig.  207. 
Weir's 
urethrometer. 
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The  simplest  method  of  ascertaining  tlie  character  of  the  inflam- 
mation in  chronic  urethritis  is  to  pass  a  large  acorn-headed  l)lack- 
gum  bougie  down  the  whole  length  of  the  urethra  (Fig.  206).  If  the 
head  of  the  bougie  pass  over  the  inflamed  area  a  twinge  of  pain  is 
felt  by  the  patient,  which  ceases  as  soon  as  the  liead  has  passed  beyond 
the  affected  spot,  but  is  again  felt  as  the  head  passes  over  it  when 
the  bougie  is  being  withdrawn.  By  noting  these  sensitive  spots  the 
seat  and  the  extent  of  the  inflammation  may  be  determined.  Moreover, 
the  passage  of  a  large  acorn-headed  bougie  proves  the  absence  of  any 
decided  stricture  of  the  urethra  ;  the  determination  of  this  fact  is  of 
the  greatest  importance. 

A  better  method  of  ascertaining  the  degree  of  contraction  is  by  the 
use  of  the  urethrometer.  This  instrument,  when  introduced  into  the 
urethra,  can  be  extended  at  will,  the  degree  of  expansion  being  indicated 
by  a  pointer  on  a  dial  (Fig.  207).  The  dilatability  of  the  normal 
urethra  in  its  various  parts  has  been  given  on  p.  S05.    Any  inflam- 
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Fig.  20s.— Schall's 
endoscope. 


matory  infiltration  renders  it  less  and  less  dilatable,  according  to  the 
depth  to  Avhich  the  infiltration  has  penetrated  and  its  advancement 
towards  fibrosis.  By  carefully  comparing  the  amount  of  dilatation, 
a  very  good  idea  of  tlic  extent  and  depth  of  the  inflammation  can  be 
arrived  at. 

Lastly,  the  uretliral  mucous  membrane  should  be  examined  by 
means  of  tiie  endoscope,  for  by  tliis  means  alone  can  we  detect  many 
of  the  minute  changes  in  the  inflammation  of  the  nuxcous  membrane, 
which  would  otherwise  pass  unnoticed,  and  the  observance  of  wliich 
is,  in  many  cases,  essential  to  successful  treatment.  In  its  simplest 
form  the  endoscope  consists  solely  of  a  straiglit  metal  tube,  having 
a  funnel-shaped  opening  at  one  end  ;  tlie  tube  being  introduced  into 
the  urethra,  the  light  is  reflected  down  tlie  funnel-end  by  means  of  a 
mirror.  Tlie  illumination  is  so  imperfect  that  the  instrument  in  this 
form  is  of  little  value.  To  correct  the  defect  several  modifications 
have  been  devised,  of  which  Schall's  and  Valentine's  are  to  be  pre- 
ferred. In  Schall's  instrument  (Fig.  208)  the  light  from  a  small 
incandescent  lamp  is  reflected  by  means  of  a  prism  down  the  uretliral 
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tube.  In  Valentine's  (Fig.  209)  the  source  of  light  is  a  minute  incan- 
descent lamp  mounted  on  a  rigid  metal  wire,  which  is  passed  down 
the  tube,  and  so  directly  illuminates  the  portion  of  membrane  under 
observation. 


Fig.  209.— Valentine's 
endoscope. 


In  the  normal  condition,  except  during  micturition,  the  walls  of 
the  urethra  are  in  contact,  lying  in  longitudinal  folds.  The  passing 
of  the  urethroscope  separates  the  walls  ;  but  as  it  is  being  withdrawn 
they  fall  together  again,  at  a  short  distance  from  the  end  of  the  tube, 
in  the  form  of  a  funnel,  the  folds  radiating  from  a  central  point,  which 
has  much  the  appearance  of  a  sphincter,  and  is  called  the  central 
figure  "  (Fig.  210). 

In  the  normal  condition  of  the  prostatic  urethra  the  mucous  mem- 
brane is  smooth  and  of  deep-red  colour.  As  the  tube  is  withdrawn, 
the  mucous  membrane  becomes  paler,  and  a  rounded  prominence 
appears  at  the  lower  edge  of  the  tube  ;  this  prominence  represents 
the  caput  gallinaginis  (Figs.  211,  212).    As  the  tube  is  still  further 


Fig.  -210.  Fig.  211.  Fig.  212. 

Fig.  2IO.— Membranous  portion  of  normal  urethra,  as  seen  through  the  endoscope,  showing  small 

round  central  figure  with  numerous  fine  radiating  folds. 
Fig.  211. — Normal  prostatic  urethra,  showing  the  anterior  portion  of  the  caput  gallinaginis. 
Fig.  212. — Normal  prostatic  urethra,  showing  the  caput  gallinaginis. 


withdrawn  the  caput  disappears  from  view,  and  the  membranous 
portion  is  inspected.  This  is  generally  paler  in  colour  than  the  pros- 
tatic, and  the  central  figure  is  more  regular.  In  the  bulbous  part  the 
folds  of  mucous  membrane  are  larger,  and  the  central  figure  appears 
as  a  vertical  fissure  (Fig.  213),  and  at  times  the  openings  of  Cowper's 
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glands  can  be  seen  in  the  floor.  In  the  penile  part  the  opening  of  the 
glands  of  Littre  and  Morgagni  can  be  seen  in  the  upper  and  lower 
walls  of  the  uretlua.  In  the  glans  the  membrane  has  almost  lost 
its  red  colour,  and  tlie  round  central  figure  has  l^ecomc  triangular. 

Appearance  of  the  chronically  inflamed  urethra.— Two 
forms  of  inflammatory  lesions  can  be  seen  by  the  endoscope  in  chronic 
urethritis.  The  first  is  that  described  when  sj^eaking  of  the  morbid 
anatomy  of  the  condition  as  consisting  of  localized  small-celled  infil- 
trations of  the  subepithelial  tissues,  causing  swelling  and  hypersemia 
of  the  mucous  membrane.  Tliis  represents  the  "  soft  infiltration  " 
of  Oberlander,  and  is  the  early  stage  of  the  chronic  gonorrhoeal  process. 
The  second  group  of  pathological  changes  forms  what  Oberlander 
calls  the  "  hard  infiltration."  It  includes  all  the  inflammatory  pro- 
cesses by  which  the  small-celled  soft  infiltration  gradually  passes 
into  firm  fibroid  scar  tissue,  which  reaches  its  highest  development 


Fig.  213.— Normal  urethra  in  the  middle  of  the  bulbous  portion.    Central  figure  vertical. 

Fig.  214. — Appearance  of  chronically  inflamed  urethra,  showing  an  old  infiltration  area  in  the 

penile  portion.    Central  figure  gaping  ;  longitudinal  folds  less  numerous  and  less  marked 

than  normally. 


in  tlie  formation  of  a  stricture.  The  conversion  of  a  soft-infiltration 
area  into  firm  cicatricial  tissue  is  a  gradual  process,  all  the  phases  of 
which  can  be  observed  by  the  urethroscope. 

Soft  small-celled  infiltration. — In  the  soft  small-celled  infiltration  in 
its  most  typical  stage  the  mucous  membrane  is  hyperfemic  and  redder 
than  normally.  Its  epithelium  is  oedematous,  dull,  and  loosened,  so 
that  it  is  readily  detached,  and  may  be  altogether  absent  in  places, 
leaving  small  erosions  which  bleed  on  being  touched  by  a  probe.  In 
consequence  of  the  swelling  and  oedema  of  the  mucous  membrane, 
the  longitudinal  folds  into  which  the  urethra  is  normally  thrown  when 
the  passage  is  not  distended  are  coarser  and  less  numerous.  Instead 
of  seeing  several  fine  folds  radiating  from  the  central  figure,  as  normally, 
three  or  four  thickened  folds  press  forward  into  the  lumen  of  the 
endoscopic  tube.  In  the  penile  portion  the  openings  of  the  crypts  of 
Morgagni  are  seen  to  be  reddened  and  swollen,  whilst  in  the  prostatic 
urethra  the  principal  changes  are  grouped  around  the  caput  gallinaginis, 


Fig.  213. 


Fig.  -214. 


826 


GONORRHCEA 


which  is  swollen  and  liypersemic,  and  projects  into  the  tube,  looking 
not  unlike  a  ripe  raspberry. 

Hard  infiltration. — Pari  passu  with  the  gradual  cicatrization  of  the 
soft  small-celled  infiltration,  the  liypersemia,  turgescence,  and  elasticity 
of  the  affected  mucous  membrane  diminish.  The  red,  angry-looking 
membrane  becomes  paler  and  paler  as  the  infiltration  hardens.  The 
epithelium  becomes  thicker  and  less  transparent ;  frequently  it  takes 
on  a  curious  stippled  appearance,  and  may  undergo  so  marked  a  pro- 
liferation as  to  give  rise  to  a  form  of  pachydermia.  The  longitudinal 
folds  of  the  mucous  membrane  gradually  disappear,  becoming  both 
less  marked  and  less  numerous  (Fig.  214). 

The  urethra  as  it  appears  during  the  process  of  healing. 
— The  gradual  healing  of  the  inflammatory  process  under  appropriate 
treatment  can  be  readily  observed  by  means  of  the  endoscope.  The 


mucous  membrane  covering  the  soft  infiltration  gradually  loses  its 
angry  red  colour,  and  regains  its  normal  appearance.  As  the  swelling 
of  the  membrane  dies  down,  the  longitudinal  folds  become  finer  and 
more  numerous,  and  the  lining  epithelium  regains  its  bright,  trans- 
parent, glistening  appearance.  It  is  around  the  crypts  and  follicles 
of  the  urethra  that  the  inflammation  is  seen  to  linger  longest.  For 
some  time  after  the  rest  of  the  urethra  has  regained  its  healthy  appear- 
ance a  zone  of  inflammation  may  be  seen  to  surround  the  openings 
of  the  large  lacunae  and  glands,  from  the  mouths  of  which  a  muco- 
purulent secretion  may  occasionally  be  expressed. 

Goldschmidt's  irrigation  urethroscope. — A  urethroscope  con- 
structed on  an  entirely  new  principle  has  recently  been  introduced  by 
Goldschmidt  of  Berlin  (Fig.  215).  It  consists  of  a  clever  adaptation  of 
the  ocular  arrangement  of  Nitze's  cystoscope  to  the  requirements 
of  the  urethroscope.  The  urethra  is  examined  whilst  distended  by  a 
stream  of  water,  which  serves  less  to  cool  the  electric  lamp  than  to 
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hold  the  walls  of  the  canal  apart,  and  so  permit  of  an  extensive  view. 
The  appearance  of  the  urethra  (Figs.  216,  217),  as  seen  by  this  instru- 
ment, is  strikingly  different  from  that  obtained  by  the  ordinary  ure- 
throscope, for  not  only  does  the  mucous  membrane  look  strangely  pale 
and  anaemic,  but  the  fonn  and  character  of  the  lumen  appear  markedly 
different.    This  is  especially  evident  in  the  posterior  urethra,  where, 


Fig.  21G.  Fig.  217. 

Orifice  of  the  normal  bladder  and  colliciilus  seniinalis  as  shown  by  CJoldschniidt's  urethroscope. 

it  seems  to  me,  the  great  value  of  the  instrument  will  be  found.  One 
sees  the  colliculus  seminalis  and  the  openings  of  the  prostatic  and 
ejaculatory  ducts  with  a  clearness  and  vividness  which,  to  those  only 
accustomed  to  the  imperfect  and  distorted  view  obtainable  by  the 
older  form  of  instrument,  is  nothing  short  of  startling.  Whilst  watching 
the  colliculus,  not  infrequently  one  may  observe  the  ejaculation  of  the 


Fig.  218.  Fig.  219. 

Fig.  218. — A  chronically  inflamed  collicidus  seminalis  which  has  developed  several  line,  \-illous- 
like  growths. 

Fig.  210. — An  inflamed  and  swollen  colliculus,  with  irregular  foldings  of  the  mucous  membrane 
at  the  sides. 

spermatic  fluid  from  the  ducts,  provoked  by  the  stimulation  of  tlie 
urethroscopic  tube  ;  or  one  may  watch  the  expression  of  the  secretion 
when  the  prostate  is  massaged.  On  introducing  the  instrument  a 
little  farther,  the  orifice  of  the  bladder  can  be  seen  and  examined  in 
a  way  which  hitherto  has  been  possible  neither  by  the  cystoscope  nor 
by  the  uretln-oscope  (Figs.  218,  219).    Here,  again,  the  instrument  is 
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a  valuable  aid  to  diagnosis  in  many  obscure  cases  of  vesical  and 
prostatic  trouble,  quite  apart  from  those  arising  from  gonorrhoea. 

Treatment. —  All  cases  of  chronic  urethritis  can  be  divided 
into  two  groups  : — 

1.  The  more  recent,  or  subacute,  where,  in  addition  to  the  localized 
areas  of  cellular  infiltration,  there  is  a  more  or  less  general  catarrhal 
inflammation  of  the  mucous  membrane,  and  the  presence  of  mucus 
as  well  as  threads  may  be  traced  in  the  urine. 

2.  The  inveterate  or  circumscribed,  in  which  there  is  no  general 
catarrh,  the  whole  trouble  being  confined  to  definite  localized  portions. 
This  group  may  again  be  divided  into  (a)  those  that  affect  only  the 
mucous  membrane,  and  (b)  those  that  affect  the  submucous  tissue 
also.    Each  of  these  forms  requires  a  different  mode  of  treatment. 

1.  Treatment  of  subacute  urethritis.^ — The  first  aim  must  be 
to  subdue  the  general  catarrhal  condition  of  the  mucous  membrane, 
leaving  the  areas  of  cellular  infiltration  to  be  treated  later.  Experience 


Fig.  220. — Large  syringe  for  irrigating  the  urethra. 


has  shown  that  the  best  means  of  effecting  this  is  the  irrigation  of  the 
canal  with  mild  astringent  solutions.  For  this  purpose  the  ordinary 
small  urethral  syringe  is  rarely  suitable,  for,  as  has  been  already 
explained,  the  anterior  urethra  is  seldom  solely  affected  in  chronic 
gonorrhoea,  the  inflammation  generally  extending  to  the  posterior 
portion  ;  consequently  to  use  the  small  syringe  for  injection  would 
probably  leave  a  large  portion  of  the  inflammation  untouched.  This 
is  one  of  the  commonest  errors  in  the  treatment  of  gleet.  It  is  essential 
to  success  that  the  irrigation  fluid  be  brought  into  contact  with  the 
whole  of  the  walls  of  the  urethra.  This  may  be  accomplished,  as  has 
been  shown  in  the  treatment  of  the  acute  stage  of  posterior  urethritis, 
by  gradually  increasing  the  pressure  of  the  fluid  injected  at  the  meatus 
by  means  of  the  irrigator  (Fig.  205)  or  large  syringe  (Fig.  220)  until 
it  is  sufficient  to  overcome  the  spasm  of  the  compressor  urethrae. 
Another  method  is  to  inject  the  fluid  by  means  of  a  soft  rubber 
catheter  passed  into  the  posterior  urethra  (Diday's  irrigation).  It 
is  well  to  select  that  method  which  causes  the  patient  the  least 
discomfort. 

The  injection  fluid. — Experience  has  shown  that  the  organic  com- 
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binations  of  silver,  as  protargol  and  argonin,  have  not  the  same  value 
in  the  chronic  that  they  have  in  the  acute  forms.  Consequently,  as 
a  rule,  the  simple,  freely  diluted  nitrate  of  silver  (1-10,000  to 
1-500)  is  to  be  preferred.  Other  solutions  valuable  at  this  stage 
of  the  disease  are  permanganate  of  potash  (1-10,000  to  1-2,000), 
albargin  (1-10,000  to  1-1,000),  and  sulphate  of  zinc  (1-1,000 
to  1-500). 

3.  Treatment  of  inveterate  or  circumscribed  urethritis. — 

(«)  In  the  superficial  form  of  this  variety  of  urethritis,  where  the 
mucous  membrane  alone  is  involved  and  there  is  neither  a  narrowing 
of  the  urethra  nor  an  extension  of  the  inflammation  to  the  prostate,  a 
powerful  astringent  may  be  directly  aj^plied  to  the  affected  spot,  and 
to  it  only.  There  is  no  better  instrument  for  this  purpose  than  the 
endoscope.  Having  carefully  exposed  the  inflamed  area,  a  strong 
solution  (1  per  cent,  to  10  per  cent.)  of  nitrate  of  silver  or  sulphate 
of  copper  may  be  applied  by  means  of  a  brush  or  small  swab,  all 
excess  of  fluid  being  carefully  mopped  up.  Instead  of  the  endoscope, 
Guyon's  or  Ultzmann's  syringe  may  be  used.  In  every  case  the  instru- 
ment must  be  lubricated  with  glycerine,  and  not  with  oil. 

These  strong  astringent  remedies  should  not  be  applied  oftener 
than  every  second  or  third  day.  In  the  intervals  the  urethra  may 
be  irrigated  by  Janet's  or  Diday's  method  with  a  mild  astringent 
fluid  of  permanganate  of  jootash  or  sulphate  of  zinc.  Two  golden 
rules  are  to  be  observed  in  the  use  of  these  injections  :  always  begin 
with  weak  solutions,  proceeding  gradually  to  the  stronger  ones,  and 
allow  the  reaction  which  follows  the  application  to  die  completelv 
down  before  repeating  the  process. 

(b)  Lastly  may  be  considered  that  form  of  the  disorder  in  which 
the  inflammation  has  penetrated  deeply  into  tlie  tissues,  producing 
an  infiltration  of  the  connective  tissue.  The  aim  here  must  be  to 
induce  absorption  of  the  deep-seated  induration  by  means  of  pressure 
and  dilatation  ;  but  the  mucous  membrane  covering  the  deep  indura- 
tion being  inflamed,  it  also  requires  treatment,  as  explained  in  tlie 
two  preceding  sections. 

The  value  of  dilatation  of  the  urethra  in  assisting  the  absorption 
of  an  induration  has  long  been  recognized,  but  the  mere  occasional 
passage  of  a  bougie,  as  usually  practised,  is  wholly  inadequate.  To 
obtain  the  full  benefit  of  the  treatment,  dilatation  must  be  carried 
out  on  a  rational  and  systematic  plan.  The  earlier  stages  of  dilata- 
tion are  best  effected  by  means  of  steel  bougies,  beginning  with  a  low 
number  and  gradually  passing  on  to  the  higher  numbers.  But  the 
bougies  in  common  use  are  not  well  suited  to  the  purpose,  as  they 
are  not  sufliciently  large,  nor  is  their  shape  the  most  desirable.  For 
dilating  the  anterior  urethra,  short,  straight,  cylindrical  bougies  are 
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best  (Fig.  221).  For  the  whole  of  the  urethra,  the  conical  bougies 
of  Dittel  or  those  of  Guyon  are  most  convenient  (Figs.  222,  223). 
Instead  of  stopping  at  the  use  of  a  No.  12  English,  as  is  generally 
done,  it  is  needful  to  increase  the  size  up  to  18  or  20.    But  even 


Fig.  221. — Straight  cylindrical  metal  bougie  for  anterior  urethra. 

with  these  large  bougies  the  urethra  cannot  be  thoroughly  dilated,  for 
the  largest  bougie  that  the  fully  stretched  penile  portion  will  admit 
is  too  small  to  distend  either  the  bulbous  or  the  prostatic  portion. 

,  An  instrument  is  needed  which,  like  the  urethrometer,  can  be 
passed  through  the  narrow  portion,  and  then  expanded  at  will.  Such 
an  instrument  is  provided  in  the  urethral  dilators^  of  Oberlander 


Fig.  222. — Metal  bougie  with  short  Dittel  curve. 


(Fig.  224),  Kollmann  (Figs.  225,  226),  and  others.  The  dilator,  well 
lubricated  with  glycerine  and  tragacanth,  is  passed  down  to  the  affected 
portion  of  the  urethra,  and  then  by  means  of  the  screw  slowly  expanded. 
The  degree  of  expansion  is  indicated  on  a  dial.  The  dilatation  must 
be  very  gradual,  not  more  than  1  mm.  at  a  sitting,  and  must  be  stopped 
immediately  it  occasions  pain  ;  it  should  not  give  rise  to  bleeding. 
After  an  interval  of  seven  or  eight  days,  when  all  reaction  has  died 


Metal  bougie  with  Guyon  curve. 


down,  the  dilatation  may  be  carried  to  a  fuller  degree.  After  each 
dilatation  the  urethra  must  be  irrigated  with  a  dilute  antiseptic, 
such  as  nitrate  of  silver  lotion  (1—5,000).  In  the  interval,  astringent 
injections,  Janet's  or  Diday's,  are  to  be  used.  As  long  as  the  secretion 
contains  numerous  gonococci,  instrumental  interference  of  any  kind 
is  best  withheld,  but  the  presence  of  a  few  of  the  micro-organisms 
is  not  in  itself  a  contra-indication  to  treatment  by  dilatation. 

1  These  uretliral  dilators  are  made  in  various  forms.  Figs.  224,  225  represent 
instruments  designed  to  dilate  the  anterior  urethra,  Fig.  226  the  posterior,  and 
Fig.  227  both  anterior  and  posterior. 
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It  is  advisable  in  all  cases  to  begin  the  dilatation  treatment  with 
bougies,  as  they  cause  less  irritation  to  the  urethra 
than  the  dilators.    If  the  meatus  is  moderately  wide 
the  passage  can  generally  be  dilated  without  discom- 
fort up  to  No.  26  to  27,  and  often  to  No.  30  (French 
scale).    In   many  cases  it 
is  unnecessary  to   use  the 
dilators    at  all, 
as     the  degree 
of  expansion  ob- 


Fig.  ±24. 
Oberlander's 
urethral 
dilator. 


Figs.         and  l'-2I). — Kollmann's 
urethral  dilator. 


Fig.  227.— Dilator 
for  both  anterior 
and  posterior 
urethra. 


tained  by  the  large  bougies  is  sufficient  to  bring  about  a  cure. 

In  all  intractable  cases  a  trial  should  be  made  of  the  vaccine 
treatment.     It  is  rarely  satisfactory  to  employ  the  stock  vaccines, 
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as  sold  by  a  wholesale  cliemist,  for  this  purpose — at  any  rate,  not 
until  a  careful  cultural  examination  of  the  urethral  and  prostatic 
secretion  has  shown  what  micro-organisms  are  present. 

Throughout  the  whole  treatment  it  is  most  important  that  the 
progress  of  the  case  be  controlled  by  frequent  microscopic  examinations 
of  the  secretion  and  the  use  of  the  urethroscope  from  time  to  time. 

GONORRHCEA  IN  WOMEN 

The  recognition  of  the  gravity  of  this  disease  in  women  has  been 
tardy  ;  indeed,  at  one  time  it  was  held  that  the  infection  was  restricted 
to  the  vulva  and  vagina  and  that  it  showed  no  tendency  to  spread  or 
to  become  chronic.  This  view,  now  known  to  be  diametrically  opposed 
to  the  truth,  was  probably  due  to  the  ease  with  which  the  condi- 
tion can  be  overlooked  in  the  female.  Women,  less  versed  and  less 
interested  in  genito-urinary  diseases  than  men,  and  accustomed  to 
periodic  pain  and  discomfort  in  the  pelvic  organs,  are  apt  to  attribute 
their  symptoms  to  other  causes,  or  even  to  imagine  them  inseparable 
from  the  conditions  of  early  married  life.  Moreover,  in  any  save 
the  acute  stages  of  the  disease,  both  the  physical  and  the  bacterio- 
logical methods  of  diagnosis  are  much  more  difficult  than  in  men. 

In  its  etiology,  period  of  incubation,  pathology,  and  general  course 
the  disease  does  not  differ  from  that  in  the  male.  The  site  of  the 
inoculation  varies  according  to  age  :  in  young  children  it  generally 
takes  place  at  the  vulva  ;  in  adults  the  urethra  and  the  endometrium 
of  the  cervical  canal  of  the  uterus  are  frequently  first  affected.  But 
in  the  great  majority  of  acute  cases  the  inflammation,  wherever  it 
starts,  soon  spreads  to  all  these  regions  and,  in  a  considerable  number 
of  cases,  also  to  the  uterus,  tubes,  and  pelvic  peritoneum. 

Diagnosis. — The  acute  stage  rarely  offers  any  difficulty.  After 
the  usual  incubation  period  an  acute  catarrhal  inflammation  develops, 
and  rapidly  spreads  over  the  sexual  apparatus.  The  nymphse  and  cli- 
toris are  red  and  swollen  and  often  the  seat  of  small  superficial  erosions. 
The  orifice  of  the  urethra  is  congested  and  pouting,  and  if  a  finger 
be  placed  in  the  vagina  the  urethra  will  be  felt  as  a  firm,  tender  cord, 
from  which  a  bead  of  pus  may  be  squeezed.  The  demonstration  of 
an  acute  urethritis  is  in  itself  almost  pathognomonic  of  gonorrhoea  ; 
should  the  pus  from  it  show  the  presence  of  the  gonococcus,  the  diagnosis 
is,  of  course,  established. 

The  diagnosis  in  the  subacute  and  chronic  stages  is  much  less  easy, 
and  requires  considerable  experience  on  the  part  of  the  surgeon  to 
justify  a  defuaite  statement  in  a  given  case.  The  detection  of  the 
specific  organism  is  -difficult,  for  the  normal  secretion  of  these  parts 
always  shows  the  presence  of  numerous  micro-organisms  ;  amongst 
them  many  diplococci,  closely  resembling  the  gonococci. 
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When  examining  for  suspected  chronic  gonorrhrea,  the  following 
points  should  be  sought  for  : 

1.  A  history  of  ophthalmia  neonatorum  in  one  or  more  children. 

2.  Signs  of  inflammation  of  Bartholin's  gland.  The  mouth  of  the 
duct,  which  opens  just  in  front  of  the  hymen,  is  frequently  surrounded 
by  a  dark  purple-red  zone  (the  macula  gonorrhoica  of  Sanger),  and 
pressure  on  the  gland  expresses  a  purulent  or  muco-purulent  secretion. 

3.  Condylomas  or  warts  about  the  vulva. 

4.  Signs  of  a  chronic  urethritis.  As  this  condition  in  women  gives 
rise  to  no  subjective  symptoms,  and  as  the  two-urine-glass  test  is  not 
applicable,  the  condition  can  only  be  recognized  by  careful  examination, 
including  the  use  of  the  urethroscope. 

If  the  meatus  be  carefully  cleaned  and  pressure  made  on  the  urethra 
from  behind  forwards,  a  drop  of  muco-pus  can  generally  be  expressed. 
This  pus  should  be  selected  for  bacteriological  examination. 

5.  The  presence  of  a  purulent  or  muco-purulent  discharge  from 
the  cervix  uteri. 

6.  Evidence  of  inflammation  of  the  uterus  and  adnexa. 
Symptoms. — After  a  short  period  of  incubation,  of  from  two  to 

si.x  days,  symptoms  of  a  slight  inflammation  of  the  vulva  and  urethra 
develop  at  first  merely  a  sense  of  local  heat  and  discomfort,  which 
soon  increases  to  one  of  considerable  irritation,  accompanied  by  a 
smarting  and  burning  pain  on  micturition.  There  are  swelling  and 
oedema  of  the  external  genitals  and  exudation  of  a  profuse  purulent 
discharge  between  the  labia.  The  symptoms  are  at  their  height  about 
a  week  from  the  time  of  onset  and,  under  favourable  conditions,  begin 
to  decline  about  the  third  week.  The  inflammation  rarely  remains 
localized  to  the  site  of  inoculation,  but  spreads  till  it  aft'ects  the  greater 
part  of  the  sexual  apparatus,  so  that  in  many  cases  the  symptoms  of 
acute  endometritis,  salpingitis,  and  pelvic  peritonitis  are  superadded 
to  those  already  mentioned. 

There  is  still  much  uncertainty  as  to  the  frequency  with  which 
the  uterus  and  adnexa  are  involved,  but  recent  investigations  lend 
support  to  the  view  that  these  organs  rarely  wholly  escape. 

Treatment. —  The  treatment  of  this  disease  in  women  is  sur- 
rounded by  many  difficulties,  and  is,  as  a  rule,  very  imperfectly  carried 
out.  In  the  main  it  proceeds  on  lines  similar  to  those  laid  down 
in  connexion  with  the  male. 

In  the  acute  stage,  emphasis  should  be  laid  on  the  necessity  foi 
rest  and  a  light  diet,  and  the  avoidance  of  alcohol  and  other  irritants. 
Internally,  the  balsams  and  copious  drinks  of  bland  fluids  may  be 
prescribed,  with  a  view  to  diminishing  the  urethral  irritation. 

Locally,  the  parts  must  be  kept  clean  and  provision  made  for  the 
absorption  of  the  copious  discharge.    Hot  sitz-baths  and  the  application 
3  B 
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of  fomentations  may  be  employed  for  the  relief  of  the  pain.  As  soon  as 
the  patient  can  tolerate  it,  the  vulva  and  vagina  should  be  copiously 
irrigated  twice  or  three  times  a  day  with  hot  solutions  of  permanganate 
of  potash  (1-5,000  to  1-2,000)  or  albargin  (1-1,000)  ;  as  the  inflam- 
mation subsides,  the  strength  of  these  lotions  should  be  increased, 
or  be  superseded  by  1-1,000  to  1-250  of  nitrate  of  silver. 

In  the  subacute  and  chronic  stages,  in  addition  to  these  irrigations, 
more  powerful  solutions  may  be  occasionally  applied,  say  by  a  cotton 
swab,  directly  to  the  cervical  canal,  the  vagina,  and  the  urethra. 

It  is  useless  in  this  stage  to  attempt  to  influence  the  disease 
by  the  administration  of  balsams  and  such  remedies.  The  only 
constitutional  treatment  which  holds  out  any  promise  of  success  is 
vaccine-therapy. 

Should  Bartholin's  gland  inflame  and  suppurate,  it  should  be  freely 
incised  and  packed  with  gauze. 

For  the  treatment  of  gonorrhoeal  inflammation  in  the  uterus  and 
tubes  the  reader  is  referred  to  the  article  on  Gyntecology. 

SOFT  CHANCRE  (CHANCROID,  ULCUS  MOLLE) 

Soft  chancre  is  a  highly  contagious  venereal  disease,  characterized 
by  the  occurrence  of  one  or,  more  frequently,  several  shallow  ulcers 
about  the  genitals.  The  disease  is  due  to  inoculation  with  a  specific 
micro-organism  (Ducrey's  bacillus),  and  has  no  connexion  with  syphilis, 
with  which  until  comparatively  recently  it  was  confounded.  It  is 
to  be  noted,  however,  that  the  virus  of  sypliilis  and  that  of  soft 
chancre  may  be,  and  indeed  often  are,  inoculated  at  the  same  time 
in  the  same  place.  In  such  cases  the  soft  sore  develops  first,  and 
a  month  later  symptoms  of  syphihs  supervene. 

The  incubation  period  of  the  disease  is  short,  so  that  within  a  few 
hours  after  infection  a  hyperaemic  spot  may  be  seen  at  the  site  of  the 
inoculation,  and  in  twenty-four  to  forty-eight  hours  a  pustule  may 
have  developed.  A  little  later  the  pustule  bursts,  leaving  a  shallow 
ulcer.  When  fully  developed,  the  appearance  of  the  ulcer  is  charac- 
teristic. It  is  generally  round,  and  has  sharp  punched-out  edges 
wliich  may  be  slightly  imdermined.  The  floor  of  the  ulcer  is  usually 
uneven  and  ragged,  and  covered  at  first  with  a  greyish-white  slough, 
and  later  with  more  or  less  healthy  granulations  ;  the  base  is  invari- 
ably soft.  The  secretion  is  intensely  infective,  and  auto-inoculation 
generally  takes  place.  As  a  rule  the  ulcer  remains  small,  about  the 
size  of  a  threepenny  bit  ;  rarely  on  the  skin  of  the  thigh  or  abdomen 
it  attains  a  very  large  size. 

Duration. —  From  three  to  six  weeks  is  about  the  average 
duration  of  an  uncomplicated  soft  sore. 
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Localization, — In  the  male  the  chief  seat  of  the  ulcer  is  the 
prepuce  or  glans  penis,  more  rarely  it  is  met  with  in  the  urethra, 
where  it  is  lilcely  to  be  mistaken  for  gonorrhoea.  In  women  it  is 
most  frequently  seen  about  the  fossa  navicularis,  the  clitoris,  and 
the  meatus  urinarius  ;  also  about  the  labia  majora  and  the  anus. 
On  rare  occasions  the  ulcers  have  been  noted  on  the  finger,  lip, 
conjunctiva,  etc. 

Complications. —  Apart  from  such  minor  complications  as 
phimosis  or  paraphimosis  as  a  result  of  the  inflammatory  oedema  of 
the  prepuce,  there  are  two  severer  troubles  which  deserve  mention. 
One  of  these — acute  inflannnation  of  the  inguinal  lymphatic  glands — 
is  of  very  common  occurrence.  In  men  about  one-third  to  one-half 
of  all  cases  of  soft  sore  develop  an  acute  adenitis.  In  women  it  is 
less  common.  It  may  arise  at  almost  any  period  of  the  disease,  but 
is  most  frequently  seen  in  the  second  week.  One  or  more  of  the  glands 
in  the  groin  become  enlarged  and  tender,  the  temperature  is  elevated , 
and  in  the  course  of  a  few  da3's  the  gland  breaks  down  and  forms  an 
abscess,  which,  if  unopened,  undermines  the  skin  and  is  evacuated 
spontaneously,  leaving  a  rugged  and  indelible  scar. 

The  second  complication,  phagedtena  and  gangrene,  is  happily 
decidedly  rare,  for  it  is  always  serious  and  difficult  to  treat.  It  is  met 
with  most  frequently  in  neglected,  filthy,  and  debilitated  subjects. 
The  ulceration  assumes  an  mihealthy  sloughy  appearance  and  steadily 
extends,  causing  grave  destruction  of  tissue.  Usually  it  spreads 
superficially,  at  times  deeply.  Its  course  may  be  rapid,  but  commonly 
it  is  very  slow,  often  resisting  all  treatment  for  weeks  or  months. 

Gangrene  may  arise  as  a  complication  of  soft  sore  in  a  variety 
of  ways.  Perhaps  most  commonly  it  is  seen  as  a  consequence  of  the 
circulatory  disturbance  occasioned  by  a  tight  phimosis  or  paraphimosis. 
At  other  times  it  is  to  be  traced  to  a  general  constitutional  disease, 
such  as  diabetes.  It  is  most  serious  if  associated  with  phagedaena, 
when  grave  and  extensive  destruction  of  the  tissues  may  take  place. 

Prognosis. —  The  prognosis  should  be  guarded  ;  for  not  only 
is  the  condition  at  times  troublesome  to  cure,  but  the  possibility  of 
syphilis  l)i'ing  also  engrafted  must  be  borne  in  mind. 

Treatment. —  In  uncomplicated  cases  the  treatment  is  purely 
local.  The  ulcerated  surface  is  cauterized  with  liquid  carbohc  acid, 
and  then  powdered  with  iodoform,  aristol,  europhen,  or  other  antiseptic 
preparation,  and  kept  as  clean  and  as  free  from  irritation  as  possible. 

At  the  first  sign  of  an  inguinal  adenitis,  rest  in  bed  should  be 
enforced,  and  an  ice-bag  or  a  light  elastic  dressing  applied  to  the 
groin.  Should  sujjpuration  threaten,  an  attempt  may  be  made  to 
abort  the  inflammation  by  the  injection  of  an  antiseptic  into  the 
substance  of  the  gland.    Or  the  formation  of  pus  may  be  hastened 
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by  the  application  of  warmth  and  then,  as  soon  as  fluctuation  can  be 
detected,  the  pus  evacuated  by  a  small  incision,  and  half  a  drachm 
to  a  drachm  of  a  1  per  cent,  solution  of  nitrate  of  silver  injected. 
The  injection  must  be  repeated  daily  for  two  or  three  days,  and  the 
small  incision  kept  open  by  a  minute  iodoform  gauze  drain  and  the 
apphcation  of  a  wet  boric-acid  dressing. 

In  this  way  it  is  often  possible  to  effect  a  cure  of  the  adenitis  with 
a  minimum  of  disturbance  and  loss  of  time.  Failing  that,  the  abscess 
must  be  opened  and  treated  on  general  surgical  lines. 

By  far  the  best  treatment  for  a  phagedsenic  condition  is  the  use 
of  continuous  warm  baths  and  the  cautious  application  of  the  Paquelin 
cautery.  The  debilitated  constitution  must  be  supported  by  nutritious 
liquid  food.  When  gangrene  is  threatened,  every  effort  must  be  made 
to  overcome  the  hindrance  to  the  circulation.  A  tight  phimosis  or 
paraphimosis  must  be  operated  upon  and  any  necrotic  edges  removed. 

COMPLICATIONS  OF  GONORRHCEA 

BALANITIS 

Balanitis  is  the  term  applied  to  an  inflammation  of  the  mucous 
membrane  covering  the  glans  penis  and  lining  the  prepuce.  It  may 
be  caused  by  almost  any  source  of  irritation  to  the  end  of  the  penis, 
but  much  the  commonest  is  the  retention  and  decomposition  of  the 
smegma  secretion  behind  a  tight  foreskin,  either  alone  or  in  association 
with  other  causes  of  irritation,  such  as  a  soft  sore,  a  true  chancre, 
epithelioma,  herpes,  or  eczema.  In  gonorrhoea  its  occurrence  is  to 
be  attributed  to  the  additional  irritation  produced  by  the  urethral 
discharge  retained  and  decomposing  behind  a  long  prepuce  ;  the 
gonococcus  seldom  directly  causes  the  balanitis. 

Symptoms.— The  inflammation  of  the  glans  produces  an  itching 
and  soreness  of  the  end  of  the  penis,  which  becomes  red,  swollen,  and 
cedematoiis,  whilst  from  beneath  the  foreskin  a  free  and  intensely 
fetid  discharge  exudes.  If  the  prepuce  be  drawn  back,  the  mucous 
membrane  lining  it  and  covering  the  glans  will  be  found  to  be  inflamed 
and  often  ulcerated  in  places.  The  inflammation  may  become  so 
intense  as  to  cause  gangrene  of  the  tissues.  This  is  generally  limited 
to  the  prepuce,  but  may  involve  a  considerable  portion  of  the  integument 
of  the  penis. 

Pliimosis  is  always  present  in  some  degree  ;  whilst  in  a  repeatedly 
recurrent  case  it  is  well  marked  owing  to  the  thickening  and  contrac- 
tion of  the  preputial  tissues.  Forcible  retraction  of  such  a  foreskin 
'Over  the  glans  is  likely  to  result  in  paraphimosis.  The  constricted 
■orifice  of  the  prepuce  tightly  encircles  the  glans,  and  obstructs  the 
■leturn  of  the  blood  by  the  veins.    This  causes  the  end  of  the  penis 
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to  swell,  and  the  mucous  membrane  of  the  foreskin  which  lies  in 
front  of  the  constricting  ring  becomes  greatly  distended  with  serous 
exudation,  and  may,  if  unrelieved,  become  gangrenous. 

Treatment. — Several  times  a  day  the  preputial  sac  should  be 
gently  cleansed  from  all  secretion  with  warm  water,  and  then  irrigated 
with  a  mild  astringent  antiseptic  solution,  such  as  nitrate  of  silver 
(1— 5-,000).  If  the  foreskin  can  be  drawn  back,  a  thin  layer  of  gauze 
soaked  in  the  lotion  should  be  interposed  between  the  glans  and  the 
prepuce.  Later,  when  the  secretion  is  lessened,  the  lotion  may  be 
replaced  by  an  astringent  dusting-powder,  such  as  oxide  of  zinc.  When 
the  glans  cannot  be  uncovered,  the  parts  under  the  prepuce  must  be 
cleansed  and  irrigated  by  means  of  a  wound  syringe.  If  there  be 
much  a?dema  and  cellulitis,  evaporating  lotions  and  wet  dressings 
may  be  apphed  to  the  penis.  In  cases  of  severe  cellulitis,  where  gan- 
grene threatens,  the  prepuce  should  be  circumcised  or  divided  by  a 
free  dorsal  incision. 

PAPILLOMA 

It  frequently  happens  that  numerous  small  warts  develop  on  the 
mucous  membrane  and  skin  of  the  genitals  of  persons  suffering  from 
gonorrhoea.  Such  warts  are  due  to  the  irritation  of  the  skin  and 
mucous  membrane  caused  by  constant  bathing  with  decomposing 
pus,  especially  gonorrhceal  pus. 

These  warts  most  frequently  grow  from  the  mucous  membrane 
covering  the  glans  penis,  more  especially  about  the  corona,  but  they 
are  also  foimd  on  the  integument  of  the  penis,  the  scrotum,  the  anal 
region,  and  the  inner  part  of  the  thighs,  and  occasionally  within  the 
urethral  canal. 

In  the  female  they  are  met  with  springing  from  the  mucous  and 
cutaneous  surface  of  the  \T,ilva  and  perineum.  The  warts  may  be 
single,  but  usually  are  multiple,  and  vary  in  size  from  a  pin's  head 
to  large  cauliflower-like  growths.  Their  appearance  and  consistency 
differ  considerably,  according  to  their  situation.  If  growing  from 
the  mucous  membrane,  where  they  are  kept  moist,  the  epithelium 
covering  them  is  thin  and  delicate,  so  that  they  readily  bleed  on  being 
touched.  In  drier  situations  they  become  covered  with  a  hard  and 
horny  epithelium. 

Histologically  these  growths  are  true  papillomas.  The  papilhe  of 
the  integument  arc  greatly  hypertrophied  and  cedematous,  and  are 
covered  with  a  thickened  laj'er  of  epithelium.  They  therefore  in  no 
way  structurally  resemble  the  small-celled  infiltration  of  the  syphilitic 
condylomas,  with  which  they  are  sometimes  confounded. 

Apart  from  the  fact  that  they  grow  in  situations  where  the  integu- 
ment is  exposed  to  the  irritating  and  macerating  action  of  fetid 
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discharges,  their  origin  is  not  known.  It  has  been  supposed  that  the 
growth  is  the  result  of  a  specific  micro-organism,  but  proof  is  wanting. 

Treatment. — There  is  seldom  any  difficulty  in  effectually 
dealing  with  this  condition.  The  irritating  discharge  must  be  treated 
and  the  affected  part  kept  scrupulously  clean.  In  many  cases  this 
is  all  that  is  necessary  to  cause  the  warts  to  shrivel  up  and  disappear. 
If  they  persist  they  may  be  touched  occasionally  with  strong  alcohohc 
solution  of  perchloride  of  mercury,  and  kept  dusted  with  an  astringent 
powder,  such  as  alum,  oxide  of  zinc,  or  resorcin.  Larger  growths 
are  best  removed  with  the  knife  or  scissors,  and  the  base  should  be 
touched  with  the  cautery  to  arrest  the  haemorrhage. 

INFLAMMATION  OF  COWPER'S  GLANDS 

Occasionally  the  small  glands  of  Cowper,  which  are  situated  in 
the  perineum  on  either  side  of  the  urethra,  become  inflamed.  When 
this  happens,  a  firm,  painful  swelling,  about  the  size  of  a  pigeon's 
egg,  forms  in  the  perineum,  midway  between  the  scrotum  and  the 
anus.  Should  the  inflammation  proceed  to  the  formation  of  an  abscess, 
the  swelling  increases  in  size  until  it  impedes,  more  or  less,  the  passage 
of  urine  and  renders  deffecation  painful.  The  skin  over  it  becomes 
red  and  acutely  tender.  If  unrelieved,  the  abscess  generally  bursts 
externally,  but  may  do  so  into  the  urethra  or,  more  rarely,  into  the 
rectum.  The  treatment  consists  in  the  application  of  hot  fomentations 
to  the  perineum,  to  relieve  the  pain  in  the  early  stages,  and  the  free 
opening  of  the  abscess  from  the  perineum  as  soon  as  pus  is  detected. 
It  is  undesirable  to  delay  the  opening  of  these  abscesses,  as  otherwise 
they  may  burst  into  the  urethra  or  rectum,  and  give  rise  to  trouble- 
some sinuses. 

LYMPHANGITIS  AND  LYMPHADENITIS 

In  almost  every  case  of  acute  gonorrhoea  in  which  the  symptoms 
are  at  all  severe  the  inguinal  lymphatic  glands  will  be  found  to  be 
slightly  swollen  and  tender.  Generally  this  lymphadenitis  soon  sub- 
sides, and  hardly  calls  for  special  treatment.  More  rarely  the  inflam- 
mation is  of  a  severer  type,  causing  considerable  distress,  and  pro- 
ceeding eventually  to  the  formation  of  one  or  more  abscesses  or  buboes. 
The  lymphadenitis  may  or  may  not  be  accompanied  by  an  inflam- 
mation of  the  cutaneous  lymphatic  vessels  (lymphangitis)  of  the  penis. 
When  this  is  present,  faint,  thin,  red  lines  are  seen  in  the  skin  of  the 
penis,  rmming  from  the  glans  towards  the  pubes.  If  the  penis  be 
palpated,  the  inflamed  lymphatic  vessels  can  be  felt  as  firm  cords, 
about  the  size  of  a  steel  knitting-needle.  The  presence  of  these  inflamed 
lymphatics  may  give  rise  to  various  distortions  of  the  penis,  as  in 
chordee. 
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Treatment. — Best  and  the  application  of  evaporating  lotions, 
or  glycerine  and  belladonna,  to  the  inflamed  parts  is,  as  a  rule,  all  that 
is  called  for  in  these  cases.  Should  an  abscess  form,  an  incision  to 
evacuate  tlie  pus  is  indicated. 

EPIDIDYMITIS 

Next  to  prostatitis,  the  most  frequent  complication  of  posterior 
urethritis  is  an  inflammation  of  the  epididymis.  This  complication 
occurs  in  from  10  to  30  per  cent,  of  all  cases  of  urethritis.  It  is  found, 
as  we  might  expect,  far  more  commonly  in  hospital  than  in  private 
practice.  There  can  now  be  little  doubt  that  epididymitis  is  due  to 
a  direct  extension  of  the  gonococcal  inflammation  of  the  posterior 
urethra  by  means  of  the  vas  deferens.  In  the  majority  of  cases  this 
infection  seems  to  be  a  pure  gonococcal  one,  though  it  may  also  be 
a  mixed  infection.  The  exciting  cause  of  the  disorder  is  to  be  souglit 
for  in  anytliing  which  may  give  rise  to  an  exacerbation  of  the  urethritis, 
and  so  further  its  extension  to  the  posterior  portion  of  the  urethra. 
Violent  bodily  exercise,  alcoholic  or  sexual  excess,  instrumental 
examination,  irritating  injections,  are  all  apt  to  be  followed  by  the 
sudden  development  of  epididymitis.  Not  infrequently  the  treatment 
of  the  urethritis,  more  especially  the  injections,  is  blamed  as  giving 
rise  to  the  epididymitis.  That  this  is  often  unjust  was  shown  by 
Le  Fort,  who  demonstrated  that  it  was  in  the  untreated  cases  of 
urethritis  that  this  comj^lication  was  most  common. 

Epididymitis  most  commonly  develops  during  the  second,  third, 
or  fourth  week  of  a  urethritis,  that  being  the  most  usual  time  for 
posterior  urethritis  to  appear  ;  but  it  may  occur  at  any  period,  from 
the  earliest  onset  of  the  acute  disorder  to  late  in  the  chronic  condition. 
It  attacks  either  gland  with  almost  equal  frequency.  In  a  small  j^er- 
centage  of  cases  (5  per  cent. — Castelnau)  both  glands  may  be  affected 
simultaneously  ;  in  other  cases  the  testicles  are  attacked  one  after 
the  other. 

Symptoms. — The  inflammation  generally  begins  suddenly.  The 
patient  experiences  pain,  without  any  warning,  in  one  of  the  testicles, 
which  he  finds  to  be  swollen  and  acutely  tender.  Both  the  swelling 
and  the  pain  rapidly  increase.  The  inflammation  is  principally  con- 
fined to  the  epididymis,  more  especially  the  globus  major,  but  the 
gland  proper  also  suffers  to  a  greater  or  less  degree.  A  serous  or  sero- 
purulent  fluid,  in  which  gonococci  may  often  be  detected,  distends 
the  tunica  vaginalis.  If  the  inflammation  is  severe,  the  scrotal  inte- 
guments become  thickened  and  a^dematous,  the  small  folds  obliterated, 
and  the  surface  red  and  glistening.  There  is  usually  some  amount  of 
fever  present,  and  a  feeling  of  nausea  and  even  vomiting  may  be  caused 
by  the  severity  of  the  pain.    This  is  most  severe  when  the  spermatic 


840  COMPLICATIONS  OF  GONORRHCEA 


cord  is  involved  in  the  inflammation  (fmiiculitis).  The  acute  attack 
readies  its  height  in  from  four  to  five  days,  and  then  soon  begins 
to  decline.  The  effusion  into  the  tunica  vaginalis  becomes  absorbed, 
and  so  considerably  reduces  the  size  of  the  scrotal  swelling.  The 
swollen  gland  and  epididymis  slowly  resume  their  natural  size,  though 
many  weeks,  or  even  months,  may  pass  before  this  is  completely 
effected. 

During  the  acute  stage  of  the  disease  the  urethral  secretion  greatly 
diminishes,  so  that  the  patient  no  longer  notices  its  presence.  This 
fact,  though  well  laiown,  is  a  constant  trap  to  the  medical  student, 
who  diagnoses  traumatic  orchitis  because  the  urethra  is  free  from 
discharge.  As  the  acuteness  of  the  epididymitis  subsides,  the  urethral 
secretion  reappears. 

Diagnosis. — It  is  but  rarely  that  any  difficulty  is  experienced 
in  making  tlie  diagnosis  of  gonorrhoeal  epididymitis.  The  acuteness 
of  the  early  symptoms  distinguishes  it  from  syphilitic  or  tubercular 
lesions  elsewhere,  and  the  character  of  the  swelling  is  different ;  for  the 
enlargement  of  the  gland  and  epididymis  in  urethritis  is  of  a  smooth 
and  uniform  nature,  while  the  tubercular  affection  is  generally  limited 
to  the  epididymis  and  is  nodular  in  character.  Syphilis  usually 
attacks  the  organ  proper,  and  is  seldom  confined  to  the  epididymis. 
Perhaps  the  most  frequent  mistake  made  in  diagnosis  is  the  result 
of  accepting  naively  the  patient's  statement  that  the  swelling  is  due 
to  a  loiock  or  strain.  All  doubt  as  to  the  origin  of  the  inflammation 
is  generally  settled  at  once  by  directing  the  patient  to  make  water, 
preferably  into  two  glasses,  when  the  presence  of  pus,  threads,  or 
mucus  in  the  urine  will  at  once  proclaim  its  true  nature. 

Treatment.- — A  point  of  primary  importance  to  be  observed 
at  the  onset  of  epididymitis  is  that  all  local  treatment  of  the  urethritis 
must  be  at  once  suspended.  While  this  complication  is  in  its  acute 
stage,  injections  or  other  topical  applications  will  only  aggravate  the 
trouble.  Even  when  the  pain  has  gone  and  the  sweUing  is  disappearing, 
it  is  a  grave  mistake  to  be  in  a  hurry  to  recommence  the  local  treat- 
ment. During  the  acute  stages  we  must  rely  upon  the  internal 
administration  of  the  balsams  or,  better,  salicylate  of  soda,  in  order 
favourably  to  influence  the  urethral  inflammation. 

Whenever  practicable  the  patient  should  be  kept  in  bed,  and  in 
any  case  the  testicles  should  be  supported  by  a  suitable  suspensory 
bandage. 

Under  this  treatment  the  acute  symptoms  generally  abate  within 
a  few  days.  The  pain  and  discomfort  disappear,  and  the  swelling 
gradually  subsides.  The  absorption  of  the  inflammatory  products  is 
materially  hastened  by  gentle  pressure  applied  to  the  part.  At  first 
this  is  best  done  by  means  of  the  suspensory  bandage  ;  but  later,  when 
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all  tenderness  lias  disappeared  and  the  swelling  is  limited  to  the 
epididymis,  it  is  generally  advised  to  apply  the  pressure  by  means  of 
firm  strapping.  It  is,  however,  far  from  easy  to  strap  a  testicle  so  as. 
to  obtain  the  right  degree  of  pressure,  and  a  well-applied  bandage 
is  quite  as  efficacious,  and  much  more  agreeable  to  the  patient. 

Lastly  it  must  be  remembered  that  the  posterior  urethritis,  which 
gave  rise  to  the  epididymitis,  will  require  appropriate  treatment. 

ACUTE  PROSTATITIS 

When  in  the  course  of  an  acute  gonorrhcea  the  inflammation  spreads 
to  the  posterior  urethra  (as  it  does  usually  about  the  end  of  the  third 
week),  it  almost  of  necessity  involves  the  prostatic  gland,  giving  rise 
to  a  purulent  catarrh  of  its  numerous  mucous  follicles.  This  acute 
follicular  or  catarrhal  prostatitis  is  limited  to  the  mucous  membrane, 
and  gives  rise  to  no  symptoms  beyond  those  of  acute  posterior  urethritis, 
already  described.  Usually,  under  appropriate  treatment,  the  inflam- 
mation readily  subsides  ;  but  occasionally,  in  consequence,  perhaps,  of 
some  indiscretion  in  diet  or  hygiene,  the  inflammatory  action  spreads 
to  the  interstitial  substance  of  the  prostate,  and  so  gives  rise  to 
an  acute  diffuse  or  parenchymatous  prostatitis.  The  inflammation 
spreads  from  the  mucous  membrane  deep  into  the  substance  of  the 
prostate,  and  tliere,  between  the  glandular  elements,  forms  numerous 
small  yellow  infiltration  foci,  which  either  develop  into  minute  miliary 
abscesses  or  coalesce  so  as  to  form  one  large  collection  of  pus. 

The  symptoms  evoked  by  an  acute  parenchymatous  prostatitis 
vary  according  to  the  seat  and  severity  of  the  inflammatory  process. 
As  a  rule  the  onset  is  decidedl}^  sudden,  the  patient  experiencing  a 
feeling  of  weight  and  uneasiness  about  the  rectum  and  perineum,  as 
though  there  were  a  foreign  body  in  the  bowel ;  the  desire  for  micturi- 
tion becomes  distressingly  frequent,  though  the  urine  is  passed  with 
increasing  difficulty  and  pain  ;  retention  of  urine  is  not  uncommon. 
The  temperature  rises  rapidly,  and  general  feverish  symptoms  are 
present.  Per  rectum  the  prostate  can  be  felt  to  be  greatly  swollen, 
hot,  and  acutely  tender.  Under  appropriate  treatment  the  inflam- 
mation usually  resolves,  but  occasionally  ^^roceeds  to  suppuration, 
and  the  abscess,  if  untreated,  after  a  longer  or  shorter  time  bursts 
into  the  urethra  or  rectum,  or,  rarely,  opens  externally  through  the 
perineum. 

Treatment. — As  soon  as  this  comphcation  is  suspected  all  local 
treatment  of  the  urethritis  must  be  suspended  ;  the  patient  must  be 
kept  in  bed,  on  a  low  diet,  and  the  congestion  of  the  lower  part  of  the 
bowel  relieved  by  a  mild  purgative.  For  the  relief  of  the  pain  and 
tenesmus,  heat  should  be  applied  to  the  perineum  by  means  of  large 
poultices  or  frequent  sitz-baths,  or  hot-water  enemas  may  be  given. 
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For  severe  pain,  belladonna  or  morphia  suppositories  are  valuable. 
If  the  urinary  retention  persists  in  spite  of  morpliia  and  hot  applications, 
the  water  must  be  drawn  off  with  a  soft  rubber  catheter.  As  soon  as 
an  abscess  is  detected  it  should  be  opened,  the  incision  being  made 
through  the  perineum  by  choice.  Rectal  drainage  is  to  be  avoided 
if  possible,  but  if  the  abscess  be  on  the  point  of  bursting  into  the 
rectum,  it  may  be  opened  there. 

CHRONIC  PROSTATITIS 

It  is  necessary  now  to  draw  attention  to  this  frequent,  though 
rarely  recognized,  complication,  a  condition  which  has,  perhaps,  more 
influence  in  keeping  up  the  chronic  urethritis  than  any  yet  discussed. 
Chronic  prostatitis  generally  develops  insidiously  during  the  course 
of  a  chronic  urethritis,  less  frequently  as  the  continuation  of  an  acute 
prostatitis.  It  arises  as  one  of  the  consequences  of  the  gonorrhoea 
spreading  to  the  posterior  urethra  and  infecting  the  prostatic  glands. 
A  chronic  desquamative  catarrh  of  these  glands  is  set  up,  which  has 
little  or  no  tendency  either  to  spread  to  the  parenchyma  of  the  prostate 
or  to  form  an  abscess. 

The  importance  of  this  disease  lies  not  so  much  in  the  symptoms 
it  creates  as  in  the  difiiculty  with  which  it  is  eradicated.  Long  after 
the  gonococci  have  disappeared  from  the  urethral  secretion  they  can 
frequently  be  found  in  the  expressed  prostatic  secretion.  And  so  long 
as  a  focus  of  gonorrhoeal  inflammation  persists  in  the  prostate,  the 
patient  is  naturally  liable  to  a  recurrence  of  the  urethritis. 

Symptoms. — Chronic  catarrhal  prostatitis  gives  rise  to  no  very 
characteristic  subjective  symptoms.  The  diagnosis  rests  almost  solely 
upon  the  microscopical  examination  of  the  secretion.  The  patient 
usually  presents  the  ordinary  symptoms  of  chronic  posterior  urethritis 
— a  slightly  increased  frequency  of  micturition,  and  some  sexual 
irritability  or  disturbance,  a  feeling  of  weight  or  oppression  about  the 
neck  of  the  bladder ;  and  threads  may  be  traced  in  the  second  portion 
of  the  urine.  Often  the  most  marked  symptom  is  a  grave  disturb- 
ance of  the  general  nervous  system.  The  patient  becomes  very  hypo- 
chondriacal, and  highly  exaggerates  liis  symptoms  and  the  severity 
of  his  complaint,  and  he  is  very  apt  to  develop  into  a  chronic  sexual 
neurasthenic. 

All  subjective  symptoms  may,  however,  be,  and  frequently  are, 
entirely  absent ;  and  it  is  not  until  the  prostatic  secretion  is  examined 
that  the  disease  is  recognized.  For  the  purpose  of  microscopical 
examination  the  prostatic  fluid  is  best  obtained  by  first  instructing 
the  patient  to  pass  water,  so  as  thoroughly  to  clear  the  urethra 
from  its  secretion,  then — while  the  patient  kneels  on  a  couch — gently 
stroking  the  prostate  from  behind  forwards  with  the  index  finger, 
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protected  by  a  rubber  glove.  The  prostatic-  fluid  pressed  from  tlie 
gland  passes  down  the  urethra,  and  is  collected  at  the  meatus  in  a 
watch-glass.  A  characteristic  feature  of  the  prostatic  fluid  is  the 
presence  of  long  needle-  or  whetstone-shaped  crystals,  the  so-called 
sperm  crystals  of  Bottcher  or  Charcot  (Fig.  228). 

Should  the  prostate  be  inflamed,  in  addition  to  the  normal  cellular 
bodies  there  will  be  seen  pus  cells 
in  large  and  overwhelming  numbers, 
and  j^erhaps   micro-organisms  will 
be  present  also. 

Treatment. — The  treatment 
for  chronic  prostatitis  is  the  same 
as  that  for  chronic  posterior  ure- 
thritis, with  certain  additional  mea- 
sures. First  and  foremost  is  the 
systematic  and  gentle  massage  of 
the  prostate  twice  or  thrice  a  week. 
Following  the  massage,  injections 
or  instillations  of  astringent  lotions 

are  to  be  given.     This  massage  of        Fig.  228  Sperm  crystals. 

the  gland,  followed  by  astringent 

applications,  together  with  the  administration  of  appropriate  vaccines, 
is  the  cardinal  treatment  for  chronic  prostatitis.  Such  subsidiary 
measures  as  small  rectal  injections  of  iodide  of  potassium,  the  internal 
administration  of  ergot,  and  the  use  of  ichthyol  in  the  form  of 
suppositories  may  be  employed  with  advantage.. 

SPERMATO-CYSTITIS 

Two  forms  of  the  disease  are  recognized — (1)  an  acute  inflammatory, 
and  (2)  a  chronic  catarrhal  spermato-cystitis. 

1.  Acute  Spermato-Cystitis 

The  acute  form  may  develop  at  any  period  in  the  course  of  a  posterior 
urethritis,  the  infection  spreading  along  the  ejaculatory  duct  to  the 
mucous  membrane  lining  the  seminal  vesicle.  An  acute  catarrhal 
inflammation  is  set  up,  and  the  vesicle  becomes  distended  with  a 
muco-purulent  secretion,  which,  under  favourable  circumstances,  may 
proceed  to  the  formatiozi  of  pus — empyema  of  the  vesicle— and  the 
abscess,  if  unopened,  may  burst  into  the  urethra,  rectum,  bladder,  or, 
rarely,  into  the  peritoneal  cavity.  Generally,  however,  the  catarrhal 
condition  does  not  proceed  to  the  formation  of  an  abscess,  but 
either  resolves  completely  or,  more  frequently,  passes  into  the 
chronic  catarrhal  condition. 

Symptoms. — The  most  typical  symptom  is  the  frequent  and  often 
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painful  emission  of  sanguineous  and  purulent  seminal  fluid,  which 
leaves  grey  spots  on  the  linen,  surrounded  by  a  yellow  or  brown  ring. 
Apart  from  this,  the  symptoms  are  not  very  characteristic,  and  are 
common  to  acute  posterior  urethritis  and  prostatic  abscess,  viz.  fre- 
quent painful  micturition,  with  much  bladder  and  rectal  tenesmus, 
and  a  feeling  of  the  presence  of  a  foreign  body  in  the  rectum,  also 
increased  sexual  excitability,  accompanied  by  priapism  and  the  above- 
mentioned  seminal  emissions.  On  examination  per  rectum,  a  tender, 
fluctuating,  sausage-like  swelling  can  be  felt  above  the  prostate  in  the 
situation  of  the  vesicle.  Pressure  on  the  swelling  expresses  per  urethram 
a  mixture  of  pus  and  semen,  which,  when  microscopically  examined, 
shows  the  presence  of  spermatozoa,  leucocytes,  and  gonococci,  and 
often  of  other  septic  organisms.  On  this  examination  the  diagnosis- 
of  acute  spermato-cystitis  rests. 

2.  Chronic  Catarrhal  Spermato-Cystitis 
Tliis  condition,  again,  can  hardly  ever  be  diagnosed  by  the  sub- 
jective symptoms  alone,  as  they  are  merely  those  of  chronic  posterior 
urethritis.  Nor  does  a  simple  digital  examination  of  the  rectum 
afford  much  help,  as  the  vesiculse  are  seldom  markedly  indurated  or 
enlarged.  The  diagnosis  is  made  or  excluded  by  the  careful  micro- 
scopic examination  of  the  expressed  contents  of  the  vesiculse. 

Treatment. — The  treatment  of  spermato-cystitis,  whether  in 
the  acute  or  the  chronic  condition,  is  almost  identical  with  that  of 
prostatitis  in  the  corresponding  stage.  Thus,  the  acute  condition  is- 
treated  by  rest  in  bed,  light  diet,  and  gentle  purgation.  The  urine 
is  kept  acid  and  antiseptic  by  the  internal  administration  of  such 
drugs  as  sahcylate  of  soda  or  salol.  The  painful  bladder  and  rectal 
tenesmus  is  relieved  by  hot-water  enemas  and  sitz-baths,  and  by  the 
use  of  belladonna  suppositories.  Should  an  abscess  form,  it  must  be 
freely  opened,  preferably  from  the  perineum,  by  a  pararectal  incision. 

In  the  subacute  and  chronic  stages,  the  massage  of  the  vesiculaa 
and  prostate  two  or  three  times  a  week  is  indicated,  to  be  followed 
by  urethral  irrigation,  with  mild  antiseptic  and  astringent  solutions. 
Later,  iodide  of  potassium  or  ichthyol  suppositories  may  be  used  ta 
promote  absorption  of  the  inflammatory  induration. 

CYSTITIS 

When  the  inflammation  spreads  to  the  posterior  portion  of  the 
urethra  it  does  not  stop  abruptly  at  the  vesical  sphincter,  but  to  some 
extent  affects  the  lowest  portion,  or  so-called  neck,  of  the  bladder. 
In  consequence  many  authors  prefer  to  call  posterior  urethritis  "  urethro- 
cystitis."   Such  an  inflammation  of  the  bladder  is,  as  we  have  seen. 
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very  common,  and  has  been  described  fully  in  the  section  on  Posterior 
Urethritis.  A  cystitis  apart  from  this — that  is  to  say,  in  which  the 
whole  or  greater  part  of  the  mucous  membrane  of  the  bladder  is  involved 
— is  not,  as  it  is  commonly  beUeved  to  be,  a  frequent  complication  of 
gonorrhoea,  and,  as  its  symptoms  and  treatment  are  practically  those 
of  posterior  urethritis,  it  is  unnecessary  to  describe  it  further. 

NEPHRITIS 

An  inflammation  of  the  kidney  arises  occasionally  in  connexion 
with  urethritis,  both  in  its  acute  and  chronic  stages.  It  may  be 
brought  about  through  a  metastatic  deposit  in  the  kidney  tissue  or 
as  an  ascending  inflammation  from  the  bladder  by  means  of  the  ureter. 
It  is  a  complication  of  gonorrhoea  which  is  frequently  overlooked. 
Its  symptoms  and  treatment  are  dealt  with  elsewhere. 

GONORRHOEA  RECTALIS 

The  mucous  membrane  of  the  rectum  is  occasionally  the  seat  of  a 
gonorrhceal  inflammation.  This  is  far  more  frequent  in  the  female 
than  in  the  male,  and  is  generally  due  to  a  lack  of  cleanliness  on  the 
part  of  the  patient,  causing  the  anal  mucous  membrane  to  become 
contaminated  by  the  urethral  discharge.  The  symptoms  begin  with 
a  sense  of  heat  and  discomfort  about  the  anus  ;  the  mucous  mem- 
brane becomes  swollen  and  prolapsed  and,  at  a  later  period,  is  often 
excoriated  and  deeply  fissured.  The  diagnosis  rests  upon  the  detection 
of  the  gonococcus  in  the  pus. 

Treatment. — In  the  acute  stages  the  bovvel  should  be  cleansed 
with  warm,  mild  antiseptic  solutions,  such  as  protargol  and  perman- 
ganate of  potash,  and  the  pain  relieved  by  anodyne  suppositories. 
In  the  chronic  form  strong  astringent  solutiojis  and  ointments  are 
indicated. 

CONJUNCTIVITIS 

Some  mention  must  be  made,  for  the  sake  of  completeness,  of  the 
above  serious  complication  ;  for  further  details  the  reader  is  referred 
to  text-books  on  the  diseases  of  the  eye. 

The  disease  most  frequently  attacks  the  new-born  infant  (ophthalmia 
neonatorum),  infection  taking  place  at  the  time  of  birth  from  some 
vaginal  secretion  of  the  mother  finding  its  way  into  the  infant's  eyes. 
More  rarely  the  eye,  whether  of  child  or  of  adult,  becomes  infected 
by  some  specific  pus  being  conveyed  by  a  dirty  finger,  sponge,  etc. 
(ophthalmia  gonorrhoica  adultorum).  Whatever  be  the  mode  of 
infection,  the  disease  manifests  itself  after  a  period  of  incubation 
of  from  two  to  five  days.  The  conjunctiva  becomes  injected,  swollen 
and  cedematous,  and  secretes  a  profuse  purulent  and  highly  infective 
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discharge.  The  disease  runs  a  far  more  serious  course  in  the  adult 
than  in  the  infant,  and  is  capable  of  completely  destrojang  the  sight 
of  the  eye  within  a  few  days,  blindness  being  occasioned  through 
perforation  or  sloughing  of  the  cornea. 

Treatment.- — When  the  disease  has  once  broken  out  it  must 
be  combated  by  means  of  antiseptic  lotions,  introduced  after  all  purulent 
matter  has  first  been  washed  away  by  a  stream  of  boiled  water.  The 
silver  preparations  are  generally  the  most  efiicacious,  in  the  form  either 
of  silver  nitrate  or  of  protargol.  When  strong  solutions  are  used  they 
are  best  applied  to  the  conjunctiva  by  means  of  a  small  brush,  so  as 
to  avoid  injuring  the  cornea. 

The  prophylaxis  of  ophthalmia  neonatorum  is  of  great  importance, 
and  should  form  part  of  the  routine  of  midwifery  practice.  The  face 
and  eyes  of  every  infant  immediately  after  birth  should  be  carefully 
cleansed,  and  a  few  drops  of  an  antiseptic,  such  as  a  2  per  cent,  solution 
of  nitrate  of  silver,  then  instilled  into  each  eye.  Happily  such  simple 
measures  are  most  efficacious,  and  would,  if  universally  adopted,  save 
countless  eyes  from  destruction. 

In  all  cases  of  gonorrhoea  it  is  the  duty  of  the  surgeon  to  explain 
to  his  patients'  the  necessity  for  scrupulous  cleanliness,  on  account 
of  the  infectiousness  of  the  discharge  and  the  danger  of  its  being 
conveyed  to  the  eyes.  Should  a  patient  unfortunately  infect  his 
eye,  steps  must  at  once  be  taken  to  protect  the  sound  organ  by 
means  of  a  Buller's  shield,  or  other  dressing,  from  the  grave  risk  of 
contamination. 

GONORRHCEAL  METASTASES 

Metastatic  deposits  in  consequence  of  the  gonococci  escaping  into 
the  general  circulation  may  occur  at  almost  any  period  of  the  disorder, 
either  in  the  acute  or  in  the  chronic  condition.  Most  frequently 
they  are  met  with  in  about  the  third  week  of  the  disease — that  is  to 
say,  about  the  time  when  posterior  urethritis  most  commonly 
develops. 

GONORRHEAL  RHEUMATISM 

Metastatic  inflammatory  changes  in  synovial  and  fibrous  structures, 
such  as  the  synovial  membranes,  ligaments  and  periarticular  fascia? 
of  the  larger  joints,  the  special  bands  of  fasciae,  such  as  the  plantar 
ligaments  or  the  ilio-tibial  band,  and  the  sheaths  of  nerves,  are  especially 
common,  and  have  been  grouped  under  the  vague  but  convenient 
term  "  gonorrhoeal  rheumatism." 

Gonorrhceal  arthritis  is  the  commonest  variety.  As  a 
rule  the  infection  is  purely  gonococcal,  though  at  times  other  septic 
organisms  may  be  present,  more  especially  the  staphylococcus.  This 
rheumatic  complication  is  found  in  about  2  per  cent,  of  all  cases  of 
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urethritis,  and  is  especially  liable  to  commence  about  the  third  or 
fourth  week  of  the  discharge.  It  has  a  curious  and  marked  tendency 
to  affect  certain  joints  in  preference  to  others.  This  is  well  shown 
in  the  following  table,  drawn  up  by  Finger  from  376  cases  recorded 
by  various  observers  : — 


Knee  . 

.  136 

Elbow 

.  25 

Ankle  . 

.  59 

Shoulder 

.  24 

Wrist  . 

.  43 

Hip  . 

.  18 

Fingers 

.  35 

Jaw 

.  14 

Other  joints 


Unlike  true  rheumatism,  gonorrhojal  rheumatism  attacks  few  joints 
at  the  same  time— as  a  rule,  only  one  or  two. 

The  inflammation  develops  suddenly  in  most  cases  ;  the  joint, 
which  was  apparently  perfectly  well  a  few  hours  before,  at  once 
becomes  painful  and  swollen.  The  disease  is,  however,  peculiarly 
variable  in  its  course,  sometimes  coming  on  suddenly,  and  at  others 
by  slow  degrees.  The  joint  becomes  distended  with  a  slightly  turbid 
serous  exudation,  which  under  favourable  conditions  may  become 
purulent.  In  other  cases  the  intra-articular  effusion  is  comparatively 
slight  as  compared  with  the  oedema  of  the  periarticular  structures. 
The  skin  over  the  joint  is  rarely  reddened  or  oedematous.  The 
exudation  fluid  in  the  joint  undergoes  gradual  absorption,  though 
occasionally  it  may  last  as  a  troublesome  chronic  serous  exudation. 
More  frequently  the  arthritis  leads  to  a  j^artial  or  complete  ankylosis 
of  the  joint.  A  rare  and  grave  development  is  the  occurrence  of 
suppuration  ;  such  cases  frequently  have  a  fatal  termination.  It  is 
characteristic  of  this  form  of  rheumatism  that  the  inflammation  does 
not  wander  from  joint  to  joint,  hut  remains  in  that  which  is  first 
affected,  though  others  may  subsequently  become  inflamed.  Other 
gonorrhocal  inflammatory  troubles  not  infrequently  develop  during 
the  rheumatic  attack,  among  them  endocarditis,  iritis  and  cyclitis, 
neuritis  (more  especially  in  the  form  of  sciatica),  teno-synovitis, 
and  myositis. 

Prognosis. — The  prognosis  is  in  general  good.  The  effusion 
into  the  joint  gradually  becomes  absorbed,  and  the  joint  regains  its 
free  movement.  Yet  it  should  be  remembered  that  there  is  the 
possibility  of  some  stiffness  or  ankylosis  following,  or  else  of  an 
incomplete  disappearance  of  the  fluid  and  a  chronic  hydrops  of 
the  joint. 

Treatment. — The  treatment  of  gonorrhoeal  synovitis  is  usually 
conducted  on  general  surgical  lines,  as  in  other  forms  of  acute  s}Tiovitis 
— rest  and  fixation  of  the  joint  by  means  of  light,  well-padded  sphnts, 
and  anodyne  applications  to  reheve  the  pain  during  the  acute  stage. 
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Later,  massage  and  gentle  pressure  to  the  joint  by  means  of  strapping 
or  bandaging  are  useful  in  assisting  the  complete  absorption  of  the 
fluid  and  in  preventing  stiffness.  Should  suppuration  take  place  the 
joint  must  be  freely  opened  and  drained.  In  many  cases,  however, 
better  results  are  obtained  by  the  use  of  Bier's  hypersemic  treatment 
(p.  191),  with  or  without  the  administration  of  a  gonococcal  vaccine, 
as  regards  the  relief  of  pain,  reduction  of  the  inflammation,  and  the 
prevention  of  the  joint  stiffness.  The  urethritis  should  be  treated 
according  to  its  condition  at  the  time,  special  care  being  taken  to 
avoid  provoking  an  exacerbation  by  heroic  measures. 

ENDOCARDITIS 

Next  to  the  joints,  the  part  of  the  body  most  frequently  affected 
by  metastatic  infection  is  the  heart.  Symptomatically  there  is  little 
to  distinguish  such  cases  of  endo-  or  pericarditis  from  a  like  affection 
due  to  other  septic  organisms,  and  the  true  origin  of  the  inflammation 
can  only  be  inferred  from  its  onset  during  an  attack  of  urethritis. 
The  accuracy  of  this  diagnosis  can  naturally  only  be  ascertained  by 
a  bacteriological  examination  after  death. 

It  is  here  unnecessary  to  discuss  the  subject  at  greater  length. 
Recent  investigations  have  shown  that  metastatic  deposits  of  gono- 
cocci  occur  far  more  frequently  than  has  hitherto  been  supposed  in 
other  parts  of  the  body,  giving  rise  to  various  forms  of  inflammation, 
such  as  pleurisy,  peritonitis,  meningitis,  iritis,  periostitis,  osteo- 
myelitis, cellulitis,  etc.  Such  inflammations  present  no  charadteristic 
symptoms,  and  their  true  origin  can  only  be  traced  by  careful 
bacteriological  examination. 

Lastly,  there  are  certain  nerve  lesions  attributable  to  the  gono- 
coccus,  such  as  myelitis  and  peripheral  neuritis.  It  is  at  present 
uncertain  how  far  these  are  due  to  metastatic  infection  or  to  the 
circulation  of  the  toxin  in  the  blood. 

PROOF  OF  THE  CURE  OF  GONORRHCEA: 
ITS  BEARING  ON  MARRIAGE 

One  of  the  difficulties  in  the  treatment  of  this  disease  arises  from 
the  fact  that  the  patient  is  very  apt  to  regard  himself  as  restored 
long  before  a  cure  has  been  effected.  While  the  disease  is  in  the  acute 
or  subacute  stage  there  is  little  likelihood  of  either  doctor  or  patient 
•  regarding  it  as  cured.  It  is  in  the  terminal  stage  alone  that  the  difficulty 
of  deciding  arises.  Here  the  difficulty  may  be  very  great,  and  the 
decision  arrived  at  may  be  of  much  moment  to  the  patient.  It  may 
involve  not  merely  the  question  as  to  whether  it  is  necessary  for  him 
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to  continue  the  treatment  or  not,  but  whether  he  is  entirely  free  from 
infection,  and  therefore  in  a  fit  state  for  marriage. 

For  the  confident  determination  of  tlie  important  question  whether 
a  supposed  cure  is  actual  or  not,  and  whether  the  patient  may  marry 
without  fear  of  infecting  his  wife,  a  most  careful  and  systematic 
examination  of  the  patient  is  necessary  ;  no  value  whatever  must  be 
placed  on  his  assertion,  however  confidently  made,  that  all  discharge 
has  completely  ceased.  So  long  as  the  gonococcus  is  present  in  the 
urethral  secretion  or  in  the  mucous  membrane  there  can  be  no  question 
as  to  the  patient's  infectivity  and  his  need  for  further  treatment.  At 
the  same  time  it  must  be  noted  that  the  detection  of  the  gonococcus 
in  the  later  stages  of  urethritis  is  far  from  easy,  and  that  it  demands 
considerable  experience  and  patience  ;  for  in  this  stage  the  micro- 
organism is  present  in  very  spare  numbers,  and  is  no  longer  found 
in  its  characteristic  situation  within  the  body  of  the  leucocyte,  as  in 
the  acute  stage.  Confusion  as  to  the  identity  of  the  organism  is  much 
more  likely  to  occur  in  such  circumstances  than  in  the  earlier  stages 
of  the  attack,  and  all  the  resources  of  bacteriology  may  have  to  be 
invoked  to  estabhsh  the  diagnosis.  But,  further,  it  frequently  happens 
that  the  organism  is  absent  from  the  secretion  for  days,  and  even 
weeks,  together,  and  only  reappears  when  the  uretlira  is  unusually 
stimulated  from  any  cause,  as  sexual  excitement  or  indulgence  in 
alcohol. 

In  the  intervals  the  micro-organisms  may  be  lying  -perdu  in  some 
of  the  numerous  crypts  and  follicles  with  which  the  urethra  abounds. 
Hence,  when  attempting  to  decide  whether  the  gonococcus  is  still 
present  or  not,  it  is  necessary  not  only  repeatedly  to  examine  the 
secretion  at  intervals,  but  also  to  take  such  steps  (for  example,  the 
injection  of  nitrate  of  silver  solution  or  the  passage  of  a  large  bougie) 
as  will  induce  a  certain  stimulation  of  the  tract,  and  to  pay  special 
attention  to  the  contents  of  the  seminal  vesicles  and  of  the  prostatic 
and  urethral  glands. 

Nor  is  it  wise  to  rely  solely  on  the  negative  evidence  of  the  bacterio- 
logical examination,  no  matter  how  thoroughly  it  may  have  been  made. 
Due  consideration  must  also  be  given  to  other  factors,  such  as  the 
character  of  the  urinary  threads  and  the  appearance  of  the  mucous 
membrane,  as  shown  by  the  urethroscope.  As  long  as  the  threads 
are  largely  composed  of  pus  cells,  one  is  justified  in  suspecting  that 
the  gonococcus  still  lurks  somewhere  in  the  urethra.  And  before  the 
surgeon  can  confidently  assert  that  the  patient  is  no  longer  infective, 
not  only  must  the  gonococcus  be  absent  from  the  secretion,  but  also 
the  mucous  membrane  must  have  regained  its  normal  bright  glistening 
appearance  ;  its  longitudinal  folds  must  be  clearly  defined,  and  it 
must  be  free  from  all  inflammatory  areas. 

3  C 
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YAWS -DELHI  BOIL  — LEPROSY— MADURA 
FOOT  — GRANULOMA   OF   THE  PUDENDA 

By  C.  W.  DANIELS,  M.B.,  M.R.C.P.,  M.R.C.S. 

YAWS  (FRAMBCESIA  TROPICA) 

An  endemic  disease  limited  to  certain  parts  of  tlie  tropics  and  charac- 
terized by  a  more  or  less  abundant  frambcesial  eruption  appearing 
in  crops  for  one  year  or  more.  Tertiary  manifestations  may  occur. 
Constitutional  disturbance  is  rarely  serious,  and  tlie  mortality,  except 
in  ver}^  young  children,  is  nil. 

Geographical  distribution. — The  disease  occurs  in  tropical 
Africa,  and  is  common  on  the  West  Coast.  It  is  common  also  in  many 
of  the  West  India  Islands,  probably  imported  with  slaves  from  Africa. 
In  Fiji  and  most  of  the  Pacific  Islands  it  is  indigenous  and  known 
as  "  coJco"  {Thohu).  It  occurs  among  the  aborigines  in  the  Malay 
Peninsula  and  Archipelago,  and  is  there  called  puru,  and  in  Ceylon 
faranghi.  In  Assam  and  in  Southern  India  local  outbreaks  have  been 
recorded.  Probably  in  these  places  the  disease  has  been  introduced 
by  returned  immigrants  from  the  West  Indies,  or  other  countries 
where  the  disease  is  now  endemic. 

Etiology. — No  races  are  exempt,  but  the  disease  is  rare 
among  Europeans,  unless  they  associate  with  the  natives  and  adopt 
their  methods  of  life. 

In  countries  where  the  disease  is  indigenous  it  is  practically  con- 
fined to  the  children,  but  susceptible  adults  imported  into  such  a 
country  are  frequently  attacl^ed.  One  attack  protects  for  life,  in  the 
majority  of  cases. 

According  to  Castellani  and  others,  the  disease  is  due  to  a  s^iiro- 
chsete,  S.  fertenuis,  closely  resembling  S.  pallida.  The  disease  spreads 
from  man  to  man  by  direct  contact,  or  by  contact  with  clothes,  bed- 
ding, food,  etc.,  fouled  by  the  discharges  from  another  patient  ;  or 
it  may  be  carried  by  flies  or  chigoes  from  one  person  to  another. 

In  most  cases  the  seat  of  inoculation  is  an  ulcer  or  wound  or  other 
breach  of  the  healthy  skin  or  mucosa,  and  though  it  may  occur  in 
any  part  of  the  body,  in  children  it  is  usually  near  the  mouth. 
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Morbid  anatomy. — The  lesions  are  those  of  a  vascular  sub- 
cutaneous granuioma.  The  skin  overlying  the  growths  is  softened, 
and  keratinization  is  imperfect.  The  epithelial  scales  and  serous 
discharges  form  a  crust,  which  is  frequently  sulphur-yellow  in  colour. 
Between  this  crust  and  the  granuloma  there  is  often  some  accumula- 
tion of  a  milky  fluid. 

Clinical  appearance. — The  lesion  appears  first  as  a  pimple, 
■which  rapidly  increases  in  size  until  it  is  about  as  large  as  a  threepenny 
bit ;  it  is  well  raised  above  the  surrounding  skin  or  projects  from 
the  edge  of  the  infected  ulcer.     Shortly  afterwards  other  nodules 

form,  usually  on  the  face,  the 
back,  or  the  extensor  aspect  of 
the  elbows.  They  may  number 
only  three  or  four,  or  they  may 
be  very  numerous  (Fig.  229). 
Successive  crops  develop,  the 
older  ones  subsiding,  until  gra- 
dually the  newly  formed  yaws 
become  more  scanty  and  finally 
cease  to  appear.  The  later  ones 
are  often  formed  under  the 
thick  epidermis  of  the  palms  or 
soles,  and  in  such  situations  are 
known  as  "  crab  yaws."  These 
are  very  painful. 

Secondary  ulceration,  either 
Fig.  229. — Case  of  yaws.  superficial    or    deep,    of  the 

(jo,„-nai  nf  Tropical  Mcdkine.)  granuloma  may  occur,  but  is 

exceptional.  In  parts  subjected 
to  friction  or  to  constant  movement,  as  at  the  angle  of  the  mouth, 
secondary  ulceration  is  more  common. 

Differential  diagnosis. — At  the  commencement  of  the 
general  eruption  there  may  be  considerable  fever,  and  pains  in  the 
back  and  loins,  so  that  when  the  eruption  first  appears  it  may  for  a 
day  or  two  be  confounded  with  variola. 

After  the  first  few  days  the  disease  may  be  confused  with  various 
cutaneous  s^jfliilides.  From  rupia  it  can  be  readily  distinguished  by 
the  uniformity  of  the  scabs,  their  yellow  colour,  and  by  the  fact  that 
by  removal  of  one,  instead  of  a  deep  ulcerated  surface  a  raised  mass 
of  pink  granulation  tissue  may  be  exposed.  From  the  rare  fram- 
boesial  syphilide  it  may  be  impossible  to  distinguish  a  case  of  yaws 
on  a  single  examination.  The  past  history  and  the  future  progress  of 
the  case  will  distinguish  the  two  diseases  in  most  cases. 

Taking  the  history  of  a  case  of  yaws,  one  of  the  most  striking 
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features  througliout  tlie  whole  course  of  the  disease  is  the  essentially 
uniform  appearance  of  the  eruption,  which  is  thus  distinguishable 
from  the  polymorphic  rashes  of  syphilis.  The  mucous  surfaces  are 
very  rarely  implicated  in  yaws  during  the  early  stages  of  the  disease. 

In  considering  the  endemic  form  or  a  group  of  cases,  there  is  a 
similar  miiformity  quite  irrespectively  of  race.  A  group  of  cases 
originating  in  a  negro  will  present  the  same  appearances  in  Europeans, 
Indians,  and  other  negroes. 

Prognosis  is  good  as  regards  life,  except  in  very  young  chil- 
dren. The  disease  runs  a  slow  course,  and  may  induce  a  certain 
amount  of  debility.  In  a  small  proportion  of  cases,  deeper  ulcerative 
lesions  about  the  naso-pharynx  and  a  hipoid  ulceration  of  the  face 
occur.  These  are  by  many  considered  to  be  tertiary  manifestations  of 
j'aws,  by  others  to  be  really  syphilitic  manifestations,  and  by  yet  others 
are  described  as  a  separate  disease  (see  Guam  Disease,  below). 

Treatment.  1.  Prophylactic. — Cases  of  yaws  should  not  be 
admitted  into  a  general  hospital,  and  should  especially  not  be  placed 
in  a  surgical  ward,  or  in  one  where  persons  with  ulcers  are  kept.  Iso- 
lation of  yaws  is  advisable,  particularly  in  countries  where  it  is  not 
endemic.  The  spread  of  the  disease  since  the  abolition  of  slavery  is 
probably  due  to  the  disuse  of  the  yaws-houses. 

Europeans  probably  owe  their  comparative  immunity  to  the  wear- 
ing of  boots,  to  the  covering  of  the  greater  part  of  the  body  with 
clothes,  and  to  their  habit  of  protecting  small  wounds  and  ulcerated 
surfaces,  rather  than  to  greater  cleanliness. 

European  children  should  not  be  allowed  to  play  about  with  native 
children,  and  should  be  especially  warned  not  to  share  food,  bananas, 
etc.,  with  natives.  Infection  probably  takes  place  in  many  cases 
by  the  interchange  of  half-eaten  fruit. 

2.  Palliative  and  curative. — Perfect  cleanliness  and  good 
food  appear  to  shorten  the  duration  of  the  disease;  and  if  there  is 
ansemia,  iron  and  arsenic  are  advisable.  Mercury  and  potassium 
iodide  are  uncertain  in  their  action.  In  many  cases  both  these  drugs, 
and  especially  the  iodide,  cause  rapid  subsidence  of  the  eruption ; 
but  even  if  they  be  continued,  their  effect  is  apt  to  be  temporary,  for 
fresh  crops  will  usually  appear.  Excellent  results  have  been  obtained 
with  salvarsan. 

GUAM  DISEASE  (PHARYNGITIS  GANGRENOSA) 
Guam  disease  is  a  progressive  destructive  ulceration  of  the  nose, 
fauces,  and  lips.  It  resembles  lupus,  and  usually  commences  inside 
the  nares  and  extends  over  the  face  and  along  the  mucosa  to  the 
fauces.  In  the  extreme  forms  the  bones  and  the  hard  palate  are 
destroyed,  as  well  as  the  soft  parts. 


854 


DELHI  BOIL 


The  disease  closely  resembles  that  known  in  Fiji  as  "  kanailoma," 
and  is  believed  by  many  to  be  a  tertiary  manifestation  of  yaws. 

DELHI  BOIL 

A  chronic  form  of  infectious  ulceration  met  with  in  many  parts  of 
the  tropics,  but  not  evenly  distributed.  It  occurs  in  Algeria,  Egypt, 
Arabia,  Persia,  Northern  India,  etc.,  and  goes  by  various  names, 
such  as  Aleppo  evil,  oriental  sore,  bouton  de  Baghdad,  Delhi  boil, 
frontier  sore,  etc. 

We  do  not  know  how  infection  takes  place  ;  but  in  any  district 
where  the  disease  is  endemic  it  is  advisable  to  keep  any  minute  ulcer 
or  other  breach  of  the  skin  covered.  It  is  possible  that  flies  are  the 
carriers  of  the  infection,  as  similar  ulcers  occur  in  dogs. 


Fig.  230. — Parasite  of  Delhi  boil  in  endothelial  cell,  with  free  forms. 

Clinical  appearances  and  pathology. — The  ulcers  are 
usually  on  exposed  parts  of  the  body,  the  face,  wrists,  and  ankles  being 
most  commonly  affected.  The  incubation  period  may  be  a  long  one, 
for  sometimes  the  sores  do  not  appear  for  months  after  the  patient's 
departure  from  an  infected  area.  The  lesions  commence  as  small  red 
papules,  which  rapidly  extend  and  soon  form  ulcers.  The  nodules  and 
ulcers  are  frequently  multiple.  They  are  characterized  by  their  chroni- 
city  and  by  the  thick  crusts  which  form  on  the  surface.  If  this  crust 
be  removed,  some  milky  or  serous  fluid  may  be  seen,  and  the  floor  of 
the  ulcer,  consisting  of  flabby  granulations,  will  be  exposed.  In 
scrapings  of  these  granulations  the  broken-down  tissue,  on  micro- 
scopical examination,  shows  bodies  morphologically  identical  with 
those  found  in  the  spleen,  liver,  and  elsewhere  in  kala-azar  (Fig.  230). 
These  non-flagellate  bodies  are  the  resting-forms  of  a  flagellate  organism. 
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possibly  of  a  herpetomonas.  In  artificial  culture  they  change  shape, 
becoming  elongated  and  each  developing  a  flagellum. 

As  seen  in  the  granuloma  of  Delhi  boil,  the  bodies  are  recognized  by 
having  two  masses  of  chromatin — one,  the  nucleus,  large  and  not  very 
rich  in  chromatin  ;  the  other,  the  micronucleus,  or  centrosome,  small, 
compact,  and  staining  deeply  with  chromatin  stains.  These  two 
unequal  chromatin  masses  are  characteristic  of  the  flagellates.  The 
parasites  are  found  in  considerable  numbers,  usually  enclosed  in  large 
mononuclear  cells.  They  are  3-5  /u.  in  average  diameter,  but  are 
rarely  spherical  ;  more  frequently  they  are  oval,  and  may  be  pointed 
at  both  ends — oat-shaped.  Leishman's  stain  brings  out  the  points 
of  these  parasites  well,  but  carbol  fuchsin,  diluted  with  three  parts  of 
water,  is  quite  sufficient  for  their  recognition.  If  this  stain  be  used, 
the  films  must  be  fixed  in  alcohol,  or  alcohol  and  ether  in  equal  parts, 
before  they  are  stained. 

The  diagnosis  is  easy  if  microscopical  examinations  are  made 
without  these  it  is  difficult,  though  the  chronicity,  the  thick  crusts, 
the  absence  of  deep  ulceration,  the  raised,  thickened  edge,  and  the 
absence  of  purulent  discharge  should  arouse  suspicion. 

Prognosis.— Spontaneous  cure  takes  place  in  all  cases,  but  the 
ulcers  may  persist  for  a  year,  or  even  more.  There  is  no  danger  to 
life,  and  the  scars  are  superficial  and  in  most  cases  inconspicuous. 

Treatment  is  not  very  successful,  and  may  lead  to  more 
marked  scarring  than  if  natural  healing  takes  place.  The  cure  may  be 
expedited  by  excision  of  the  ulcers. 

Strong  escharotics  are  to  be  avoided,  but  the  light  application  of 
potassa  fusa  stick  may  be  followed  by  rapid  healing.  Dressing  with 
solutions  of  copper  sulphate,  beginning  with  1  per  cent,  and  increasing 
to  5  per  cent.,  is  a  slow  but  satisfactory  method  of  dealing  with  these 
ulcers.  Steady  compression  by  bandaging  or  by  strapping  a  thin 
piece  of  sheet-lead  over  the  sores  is  strongly  advocated  by  some  writers. 

LEISHMAN  NODULES 

Thomson  and  Balfour  describe  under  the  name  of  Leishman 
nodules  a  non-ulcerating  sldn  disease  wliicli  occurs  in  the  Sudan,  and 
in  which  are  found  bodies  similar  in  many  respects  to  those  seen  in 
Delhi  boil.  Tumours  form  in  the  skin  and  appear  as  soft,  pink,  cheloid- 
like,  raised  growths,  which  are  usually  multiple  and  occur  on  the  face, 
neck,  shoulders,  arms,  and  thighs.  They  commence  as  small  points- 
wliich  increase  in  size  ;  around  these,  fresh  tumours  appear  and  coalesce 
with  the  primary  growth,  so  that  large,  irregular  masses  are  formed. 
They  do  not  rdcerate,  but  run  a  very  chronic  course  and  may  persist 
for  years.  Madden  states  that  similar  growths  are  seen  in  Egypt, 
and  that  the  Leishman-Donovan  body  has  been  found  in  them  by 
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Ferguson.  He  treats  them  by  free  and  deep  excision  and  subsequent 
grafting. 

Madden  lias  reported  that  in  Egypt  there  is  also  seen  what  is  loiown 
as  a  Nile  boil,  which  is  a  very  acute  condition,  ending  in  a  thick,  green 
wash-leather  slough  in  four  to  six  days,  and  healing  up  under  treat- 
ment in  ten  days. 

LEPROSY 

Though  formerly  common  in  England  and  other  temperate  climates, 
leprosy  is  now  met  with  as  an  indigenous  disease  in  few  places  out- 
side the  tropics. 


Fig.  231. — Tuberculate  leprosy,       Fig.  232. — Tuberculate  leprosy,  with 
[  mild  manifestations.  unusually  severe  manifestations. 


In  the  tropics  it  is  widely  distributed,  and  in  most  places  is  not 
only  indigenous  but  of  gxeat  antiquity.  In  some  places,  as  in  the 
Sandwich  Islands  and  New  Caledonia,  it  is  either  a  recent  importation 
or  has  at  least  only  been  common  enough  to  attract  attention  within 
the  last  fifty  years. 

The  manifestations  may  be  divided  into  two  great  classes  :  (1) 
those  in  which  the  skin  and  mucous  membranes  are  affected — tuber- 
culate or  skin  leprosy  ;  (2)  those  in  which  the  nerves  are  the  main  seat 
of  the  lesions — anaesthetic  or  nerve  leprosy.    Mixed  cases  are  common. 

Pathology. — The  disease  is  due  to  an  acid-fast  bacillus,  B. 
leprcB  (p.  84),  which  closely  resembles  that  of  tubercle,  though  usually 
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it  is  a  little  smaller.  It  may  be  as  acid-fast  as  the  tubercle  bacillus,  but 
in  many  cases  is  rather  less  so,  and  is  decolorized  with  25  per  cent, 
acid  more  quickly  than  the  latter.  It  stains  rather  more  readily. 
As  several  observers  have  recently  shown,  it  can  be  cultivated, 
though  not  on  the  artificial  media  on  which  tubercle  can  be  grown 
readily.  In  the  skin  lesions  of  tuberculate  leprosy  it  is  very  numerous 
and  is  usually  foimd  in  small,  dense  clumps,  whilst  in  skin  lesions  due 
to  the  tubercle  bacillus  this  micro-organism  is  found  with  difficulty. 

Like  most  of  the  aUied  organisms,  the  lepra  bacillus  causes  the 
formation  of  a  round-celled  growth  or  granuloma,  but  the  amount  of 
this  growth  is  very  small  in  re- 
lation to  the  number  of  bacilli 
found.  The  lepra  granuloma  is 
vascular,  shows  no  tendency  to 
suppuration  or  caseation,  and 
does  not  contain  giant  cells. 

Clinical  appearances. 
—  In  tuberculate  leprosy 
(Figs.  231,  232)  there  is  either 
a  diffuse  infiltration  of  the  skin 
and  subcutaneous  tissues,  or 
definite  nodules  of  various  sizes 
are  formed.  Usually  both  con- 
ditions are  present,  so  that  the 
features  and  the  ears  are  swollen 
and  covered  with  large  and  small 
tense  nodules.  The  face  and 
the  ears  are  the  earliest  parts 
to  be  attacked  most  severely, 
but  the  arms  and  other  parts 
of  the  body  may  be  impli-  Fig.  233.— Hands  in  old  case  of 
cated.    The  "hair  falls  out  and  anaesthetic  leprosy, 

the  hair-roots  are  destroyed  in 

the  affected  areas,  even  when  there  are  no  visible  tubercles.  For  this 
reason  the  hairs  on  the  eyebrows  are  often  lest  early  in  the  disease. 

The  mucous  surfaces  of  the  nose,  pharynx,  and  larynx  are  often 
implicated,  sometimes  before  there  is  much  disease  of  the  skin. 

In  the  anaesthetic  type  one  or  more  nerves  in  the  body  are 
affected.  The  ulnar  nerve,  or  rather  both  ulnar  nerves,  and  other 
nerve-trunks  that  are  subcutaneous  iii  their  course  are  most  severely 
affected.  Loss  of  sensation  and  distm-bed  nutrition  of  the  parts  sup- 
plied by  the  affected  nerve  occur.  Wasting  of  the  deep  muscles  of 
the  hand,  and  contraction-flexion  of  the  little  and  ring  fingers 
(Fig.  233),  may  be  the  earliest  sign  of  leprosy  to  attract  attention. 
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Owing  to  the  anesthetic  condition,  injuries  and  bums  are  frequent, 
and,  when  followed  by  ulceration,  lead  to  complete  destruction  of 
the  parts. 

On  the  feet,  and  more  rarely  on  the  hands,  perforating  ulcers, 
going  right  down  to  the  bone,  are  common. 


Fig.  23-t, — Anaesthetic  patches  in  nerve  leprosy. 

In  this  form  of  leprosy  there  are  anaesthetic  areas  on  the  skin  in  any 
part  of  the  body,  most  common  on  the  back  or  front  of  the  trunk. 
These  patches  are  of  varying  size,  do  not  seem  to  be  associated,  as 
regards  distribution,  with  any  special  nerves,  but  are  always  asso- 
ciated with  changes  in  the  appearance  of  the  skin.  Each  is  sur- 
rounded by  a  slightly  congested  zone,  whilst  in  the  centre  the  skin  is 
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discoloured  and  appears  to  be  slightly  pigmented  in  white  patients, 
but  slightly  paler  than  the  surrounding  parts  in  coloured  persons. 
The  patches  are  absolutely  antesthetic  in  most  cases,  devoid  of  hair, 
and  do  not  sweat.    (Figs.  234,  235.) 

The  Bacillus  leprw  has  been  seen  in  these  patches  by  some  observers, 
but  in  most  cases  it  cannot  be  found,  and  therefore  its  absence  does 
not  aid  in  the  diagnosis.  The  patches,  however,  cannot  be  due  entirely 
to  the  nerve  lesions,  as  no  similar  phenomenon  is  observable  in  other 
nerve  lesions  or  as  the  result  of  injury  to  the  nerves. 

General  symptoms.  — 
Though  the  external  mani- 
festations and  the  anfesthesia 
naturally  attract  most  atten- 
tion, leprosy  is  a  disease  affect- 
ing the  whole  system.  In  the 
early  stages  there  are  often 
marked  impairment  of  the 
general  health  and  febrile  at- 
tacks, sometimes  acute,  with  a 
high  temperatm-e,  sometimes 
prolonged  intermittent  fever  ; 
whilst  in  other  cases  an  irregu- 
lar type  of  fever,  with  pro- 
longed apyrexial  intervals,  oc- 
curs. The  pyrexia  is  often,  but 
not  necessarily,  associated  with 
,  fresh  external  manifestations. 
If  the  disease  is  steadily  pro- 
gressive these  febrile  attacks 
may  occur  throughout  its  whole 
course.  In  most  cases,  after  a 
time,  usually  two  or  three  years, 

the  disease  progresses  very  slowly,  or  the  condition  becomes  stationary  ; 
improvement  and,  in  rare  cases,  spontaneous  "  cure  "  may  take  place, 
and,  beyond  the  damage  already  done,  no  further  change  is  seen. 
Even  in  these  cases  recrudescence  may  occur. 

Differential  diagnosis  is  not,  as  a  rule,  difficult.  Caries  of 
the  facial  bones  may  produce  an  appearance  not  unlike  that  of  tuber- 
culate  leprosy,  and  chronic  streptococcic  infection  or  the  results  of 
repeated  attacks  of  erysipelas  may  produce  a  thickening  that  is  rather 
deceptive.  The  absence  of  the  lepra  bacilli  from  the  fluid  obtained  on 
puncturing  the  thickened  areas,  and  from  the  mucous  discharge  from 
the  nares,  will  be  sufficient  to  exclude  tuberculate  leprosy. 

The  nerve  or  anaesthetic  leprosy  may  be  confused  with  conditions 


Fig. 


235. — Anaesthetic  patches  in 
nerve  leprosy. 
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due  to  other  nerve  lesions  wliich  also  produce  wasting  of  the  interossei^ 
lead  to  the  formation  of  perforating  ulcers,  or  cause  anaesthesia.  The 
maculge  can  usually  be  distinguished  from  various  rashes  that  in 
appearance  may  resemble  them,  such  as  some  syphilides  and  the  rash, 
in  trypanosomiasis,  by  the  anaesthesia  (which  is  not  always  complete), 
by  the  absence  of  hairs,  and  by  the  absence  of  sweating  in  the  maculae 
after  injection  of  pilocarpin.  Lepra  bacilli  in  these  cases  are  some- 
times found  in  the  rasal  mucus,  but  their  absence  does  not  negative 
the  diagnosis  of  leprosy.  Excision  of  a  portion  of  the  macula  and 
examination  of  the  tissue  for  the  lepra  bacilli  is  of  little  diagnostic 
value,  as  usually  they  cannot  be  found  in  this  form  of  leprosy. 

Prognosis. — Death  occurs  after  variable  periods.  In  the  nodular 
form  the  prognosis  is  less  favourable  than  in  the  anaesthetic,  and 
death  usually  ensues  in  less  than  ten  years  after  the  onset  of  the 
disease,  though  when  the  disease  becomes  stationary  the  patient  may 
live  for  thirty  years  or  more.  Intercurrent  diseases,  such  as  dysen- 
tery, chronic  diarrhoea,  tuberculosis,  pneumonia,  and  Bright's  disease, 
are  the  usual  causes  of  death.  Or  it  may  occur  directly  from  the 
infection  with  the  lepra  bacillus  becoming  general  and  diffuse.  In 
these  cases  the  bacilli  may  be  found  in  most  of  the  organs,  especially 
the  liver,  spleen,  and  testicles.  Gangrene — often  as  a  result  of  injuries 
to  the  anaesthetic  areas — necrosis,  and  amyloid  degeneration  are  not 
infrequent  causes  of  death. 

Most  cases  of  leprosy  improve  decidedly  when  the  patients  are 
well  fed  and  well  cared  for.  This  is  essential,  whatever  line  of 
treatment  may  be  adopted. 

Treatment. —  Medicinal  treatment  must  not  be  directed  to 
the  visible  local  lesions.  The  leprotic  tissues  are  of  low  vitality. 
Escharotics  and  Rontgen  rays  cause  extensive  breaking-down  of 
the  leprotic  tissue  and,  consequently,  extensive  ulceration.  The 
infected  portions  are  so  rarely  limited  to  the  skin  that  complete 
destruction  is  impossible,  for  the  tubercles  in  the  submucosa  cannot 
be  destroyed.  Such  methods  of  treatment,  therefore,  substitute  an 
ulcer  for  a  leproma,  and  cannot  extirpate  the  whole  of  the  disease. 

Persistent  use  of  Chaulmugra  oil  in  doses  of  5-30  minims  or  more,  if 
the  patient  can  take  it,  and  Gurjun  oil  have  a  beneficial  effect  in  many 
cases.  The  doses  should  be  steadily  increased  to  the  limit  of  toler- 
ance. Intramuscular  injections  of  perchloride  of  mercury  in  doses 
of  ^  gr.  every  week  have  in  some  cases,  particularly  in  England,  had 
a  beneficial  result  for  a  time.  "  Nastin,"  introduced  by  Professor 
Deycke,  as  far  as  experiments  on  a  considerable  number  of  patients 
show,  has  a  decidedly  beneficial  effect,  and,  after  a  variable  time,  in 
many  cases  apparently  causes  partial  disintegration  of  the  bacilli. 
The  treatment  is  still  on  trial.    Now  that  the  lepra  bacillus  has  been 
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cultivated,  attempts  are  being  made  to  form  a  vaccine.  With  any  line 
of  treatment,  failures  are  more  common  than  successes. 

The  perforating  ulcers  usually  heal  readily  if  they  are  deeply 
incised.  The  incision  must  completely  divide  the  floor  of  the  ulcer. 
Por  gangrene  or  extensive  necrosis,  amputation  of  the  affected  part 
is  the  only  measure ;  the  wounds  heal  readily  and  the  general  health 
usually  improves.  Extensive  operations  can  often  be  performed  in 
lepers  without  anassthetics.  In  the  larjTigeal  affections,  tracheotomy 
rarely  causss  any  improvement. 

MADURA  FOOT  (MYCETOMA) 

A  disease  affecting  usually  the  foot  and  ankle,  rarely  the  hands 
or  buttocks,  and  occurring  in  many  parts  of  the  tropics.  In  parts  of 
India  and  in  East  Africa  it  is  a  common  disease.  It  is  rare  in  the 
West  Indies,  British  Guiana,  Cyprus,  and  the  Malay  States. 

Etiology. — The  organism  causing  tlie  disease  is  a  streptothrix 
which  occurs  in  small  nodules.  The  free  ends  of  the  filaments  become 
clubbed  as  in  the  actinomyces,  but  the  "  clubs  "  are  more  spherical. 
Several  varieties  are  described  corresponding  to  variations  in  the 
colour  of  the  nodules,  which  in  mass  may  be  white,  black,  or  pink, 
or  in  the  shape  of  the  clubs.    Brumpt  describes  seven  in  all. 

The  streptothrix  grows  slowly  on  artificial  media,  forming  small 
limpet-shaped  masses.  In  culture  it  retains  its  stain  when  treated 
by  Gram's  method.    It  liquefies  gelatin  slowly. 

Clinical  features. — The  affected  parts  become  swollen  and 
useless,  and  riddled  with  sinuses  leading  deep  into  the  tissues.  From 
these  sinuses  a  thin  watery  or  oily  fluid  exudes,  in  which  granules  of 
the  Streptothrix  madurcB  may  be  found.  The  deeper  parts  are  con- 
verted into  hard,  fibrous  tissue  in  which  small  granulomatous  masses 
are  situated  ;  it  is  in  these  granulomas  that  the  fungus  grows. 

The  method  of  invasion  is  not  known,  but  from  the  frequency  with 
which  the  foot  is  affected  it  may  be  inferred  that  the  infection  usually 
takes  place  from  some  source  in  the  ground.  The  streptothrix,  once 
introduced,  spreads  deeply,  and  ultimately  invades  the  bones  of  the 
foot  or  ankle.  The  affected  foot  is  quite  useless.  The  muscles  of 
the  leg  and  thigh  atrophy,  and  the  swollen,  distorted  foot  at  the  end 
of  the  withered  limb  makes  an  unmistakable  clinical  picture  (Fig.  236). 
The  disease  lasts  for  years,  progresses  slowly,  and  shows  no  tendency 
to  become  generalized.  Death  usually  occurs,  not  from  the  disease, 
but  from  intercurrent  affections. 

The  differential  diagnosis  is  easy  if  mycetoma  is  sus- 
pected ;  otherwise  it  may  be  mistaken  for  syphilis,  or  caries  or  necrosis 
of  the  tarsal  bones  or  of  the  ankle.    The  absence  of  any  other  evidence 
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of  syphilis,  and  the  negative  results  of  antisyphilitic  treatment,  will 
readily  exclude  the  first.  Caries  is  more  difficult  to  exclude,  as  the 
sinuses  lead  to  the  deeper  parts  of  the  limb,  and  therefore  towards 


the  bones.  A  probe  inserted  along  one  of  these  sinuses  passes  over 
a  dense,  rough  structure,  and  gives  the  impression  of  being  "  gritty." 
If,  as  usually  occurs,  the  bone  be  invaded,  it  will  be  found  to  be 
softened. 
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Examiuation  of  tlie  discharge  may  disclose  the  presence  of  small 
granules,  which  on  microscopic  examination  are  found  to  have  the 
typical  appearance  of  a  "  ray  fungus."  If  these  granules  are  not  found, 
fragments  of  the  strejDtothrix  are  usually  to  be  discovered  in  the  fluid. 

The  prognosis  as  regards  life  is  favourable.  Spontaneous 
recovery  or  recovery  imder  medical  treatment  never  takes  place. 

Treatment. — Local  measures,  whether  these  consist  of  anti- 
septics, escharotics,  or  excision  of  the  obviously  diseased  tissues  or 
resections  of  joints,  are  useless.  Amputation  of  the  part  of  the  limb 
affected,  a  few  inches  above  the  obviously  diseased  ^^art,  is  the  only 
treatment.  The  earlier  it  is  performed  the  better,  and  no  recurrence 
in  the  stump  or  elsewhere  is  to  be  feared.  Potassium  iodide,  even  in 
large  doses,  has  not  been  found  of  any  value. 

GRANULOMA  OF  THE  PUDENDA 

Synonyms. — Serpiginous  ulceration  of  the  genitalia  (MacLeod)  ; 
ulcerating  granuloma  of  the  pudenda  (Galloway)  ;  sclerosing  granu- 
loma of  the  pudenda  (Daniels  and  Powell).  Locally,  in  the  West 
Indies,  the  affection  is  known  as  "  groin  ulceration." 

Geographical  distribution. — This  disease  occurs  in  India, 
West  Africa,  British  Guiana,  and  some  of  the  West  India  Islands, 
whilst  a  similar  disease,  possibly  the  same,  occurs  in  Northern 
Australia  and  Polynesia. 

Pathology. — The  growth  is  a  chronic  vascular  granuloma  with 
a  s^^ecial  tendency  to  cause  a  deep  formation  of  dense,  fibrous  tissue 
which  is  highly  contractile.  There  is  no  tendency  to  suppuration, 
caseation,  or  any  degeneration  other  than  fibrosis. 

In  section,  the  growths  are  seen  to  be  very  vascular  and  to  lie  upon 
a  base  of  very  dense,  almost  cartilaginous,  fibrous  tissue.  The  ej^i- 
thelial  covering  is  mainly  retained,  but  is  devoid  of  pigment  and 
soft  and  transparent,  so  that  the  red  colour  of  the  vascular  granuloma 
can  be  seen  through  it.  Microscopically,  the  growth  is  a  typical  vas- 
cular granuloma,  mainly  composed  of  round  mononuclear  cells  with  a 
relatively  large  nucleus.  The  vessels  are  much  dilated  and  distended 
with  blood.  The  epidermis  overling  the  growth,  when  intact,  is  thick- 
ened, the  distinction  between  the  different  layers  is  lost,  and  there 
is  little  or  no  keratinization  ;  there  is  no  formation  of  the  stratum  cor- 
neum.  The  papillje  are  usually  enlarged.  The  hair-follicles  and  sweat- 
glands  are  ultimately  destroyed,  but  in  the  early  stages  the  growth 
is  more  extensive  and  deeper  round  them.  In  a  coloured  person, 
at  the  edges  of  the  growth  there  is  an  irregular  dej^osit  of  pigment, 
but  in  the  older  parts  no  pigment  is  found.  The  dense  subjacent 
fibrous  tissue  usually  contains  islets  of  active  granulomatous  material. 
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In  the  superficial  layers  numerous  organisms  may  be  found.  The 
deeper  parts  are  sterile  as  regards  bacilli,  but  Wise  has  found  spiro- 
chsetes  closely  resembling  *S.  follida.  The  situation  in  the  neighbour- 
hood of  the  genitalia  and  the  different  distribution  in  the  two  sexes 
are  highly  suggestive  of  a  venereal  origin,  but  antisyphilitic  treatment 
is,  as  a  rule,  of  no  value. 

Clinical  characteristics. — When  the  disease  occurs  on  the 
skin  the  fibrous  mass  can  be  felt  underneath  the  superficial  part 
of  the  growth,  which  shows  through  the  subjacent  non-pigmented  and 
translucent,  though  thickened,  skin  as  a  red  granulomatous  mass. 


Fig.  237. — Granuloma  of  the  pudenda  in  the  male. 

(Frtvii  Malison's  "  Tiopical  Diseases,"  4tli  edit.) 

Secondary  superficial  ulceration  of  the  skin  may  occur,  for  the 
imperfect  keratinization  and  sodden  condition  of  the  epithelium  render 
it  specially  vulnerable.  When  the  disease  affects  the  mucous  surfaces, 
ulceration  takes  place  earlier  and  may  extend  deeply. 

The  disease  runs  a  chronic  course  and  does  not  directly  affect 
the  general  health.  Spontaneous  cure  by  the  complete  conversion  of 
the  growth  into  dense  fibrous  tissue  takes  place  but  rarely.  More 
commonly  cicatrization  occurs  in  parts,  especially  near  the  centre, 
whilst  slow  extension,  by  continuity  or  by  auto-inoculation,  goes  on  else- 
where along  the  moist  folds  of  the  skin.  The  rate  of  spread  is  variable, 
but  the  extension  may  continue  for  years.  The  first  appearance  is 
usually  on  the  glans  or  the  sldn  of  the  penis,  and  in  the  female  on  the 
labia.  The  growth  extends  rapidly  on  the  glans  or  on  the  mucous 
aspect  of  the  labia,  but  very  slowly  on  the  sldn.     It  may  remain 
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limited  for  years  to  these  situations.  Frequently,  however,  other 
growtlis  appear  in  parts  where  the  sldu  is  usually  soft  and  moist,  and 
that  are  much  in  contact  with  the  tip  of  the  penis  or  with  dis- 
charges from  the  labia. 

In  the  male,  therefore,  the  growths  are  usually  found  on  the 
inner  aspect  of  the  groin  or  lower  part  of  the  abdomen  (Fig.  237), 
and  extend  along  the  folds  of  the  groin  and  the  fold  between  the 
thigh  and  the  scrotum.  In  old-standing  cases  they  may  spread  over 
the  perineum  and  round  the  anus  to  the  tip  of  the  coccyx. 

In  the  female  the  main  extension  is  backwards  on  the  perineum, 
but  sometimes,  though  more  rarely,  between  the  labia  majora  and  the 


Fig.  238. — Granuloma  of  the  pudenda  in  the  female. 

(From  .^[aiisnn's  "  J'>-o/>ica/  Diseases,"  .ft/ie</it.) 


thighs  anteriorly,  so  as  to  reach  the  mons  veneris  and  thence  the 
inguinal  folds  (Fig.  238). 

The  growths,  owing  to  the  translucency  of  the  skin,  are  red  and 
are  often  mistaken  for  ulcers.  Though  there  are  no  sweat-glands  in  the 
older  growths,  there  is  usually  a  profuse  watery  discharge,  which  may 
be  very  offensive.  The  granuloma  is  not  painful.  Extension  up  the 
mucous  surfaces  readily  takes  place,  and  causes  serious  trouble.  The 
disease  extends  only  a  short  distance  up  the  urethra,  but  causes  there 
a  stricture  of  the  meatus,  which  contracts  rapidly  after  dilatation.  It 
passes  some  inches  up  the  rectum  and  there  gives  rise  to  a  true 
ulceration  of  the  mucosa  and  a  cicatricial  narrowing. 

In  the  female  it  rapidly  spreads  up  the  vagina  and  gives  rise  to  a 
chronic  leucorrhoea.    It  does  not  invade  the  uterus.    When,  as  fre- 
quently happens,  both  rectum  and  vagina  are  invaded,  the  septum 
often  breaks  down  and  incurable  recto-vaginal  fistuke  are  formed, 
3  ^ 
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Beyond  the  inconvenience,  little  trouble  is  caused  unless  the  mucous 
surfaces  are  implicated. 

Differential  diagnosis.  —  When  the  disease  is  limited  to 
the  genitalia  it  requires  careful  diagnosis  from  malignant  disease  or 
tertiary  syphilides,  from  which  it  may  be  difEerentiated  by  micro- 
scopical examination.  When  it  occurs  in  the  groin  or  on  the  perineum 
it  must  again  be  distinguished  from  the  same  diseases,  and  also  from 
lupus.    All  forms  of  destructive  ulceration  can  readily  be  excluded. 

Prognosis  is  favourable  as  regards  life  and  general  health.  Spon- 
taneous cure  by  cicatrization  occurs,  but  is  rare.  Large  doses  of 
potassium  iodide  in  a  few  cases  seem  to  aid  the  tendency  to  cica- 
trization. Where  active  treatment  is  impossible,  recovery  from  the 
local  conditions  is  exceptional. 

Treatment  by  drugs  is  of  little  or  no  value.  Mercury  and 
arsenic  are  useless,  but  occasionally  potassium  iodide,  gr.  xx-xxx 
three  times  a  day,  appears  to  have  a  slightly  beneficial  effect. 
If  complete  excision  of  the  growth  and  underlying  sclerotic  tissue 
be  possible,  it  is  effective.  Scraping  is  of  value,  but  usually  there 
is  recurrence  from  portions  of  the  growth  left  in  the  dense  fibrous 
tissue.  If  scraping  be  combined  Avith  escharotics  tlie  probability  of 
recurrence  is  slightly  less. 

Treatment  by  X-rays  followed  by  scraping  has  in  one  case  proved 
highly  successful. 

The  stricture  of  the  urethra  can  be  treated  by  amputation  of 
the  glans.  For  the  recto-vaginal  fistulse,  only  palliative  treatment  is 
possible. 
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By  E.  rock  G4RLING,  B.S.,  F.R.C.S. 

Glanders,  the  most  dangerous  of  equine  disease-;,  is  a  specific 
infection  communicable  to  man  and  to  some  other  animals. 

Eitiology. — Amongst  human  beings  the  disease  is  almost  entirely 
confined  to  men.  Not  more  than  3  per  cent,  of  the  recorded  cases 
are  in  females ;  the  infection  of  children  is  a  rare  accident.  The 
most  important  etiological  factor  is  an  occupation  involving  contact 
with  diseased  animals,  their  carcases,  or  their  immediate  surroundings. 
Thus,  grooms  and  coachmen,  cavalrymen,  veterinary  surgeons,  black- 
smiths, and  stablemen  make  up  the  bulk  of  the  affected.  Knack- 
ers, who  are  relatively  exempt,  sometimes  exhibit,  post-mortem, 
signs  which  have  been  interpreted  as  indicating  a  latent  form  of 
tlie  disorder. 

Infection  occurs  through  the  abraded  skin,  and  possibly  by  tlie 
hair-follicles  ;  through  the  nasal  and  buccal  mucosa,  by  inhalation 
or  by  ingestion.  Blood-sucking  flies  may  possibly  be  a  medium  of 
transmission . 

The  period  of  incubation  varies  widely  ;  the  usual  time  is  froui 
two  to  eight  days,  but  it  msbj  extend  to  three  weeks  or  even  longer. 

The  characters  of  the  specific  micro-organism,  the  Bacillus  iiudlci, 
are  described  on  p.  70.  The  bacilli  are  generally  scanty  in  the 
affected  tissues,  and  even  in  the  pus  from  acute  abscesses  may  be 
very  difficult  to  find. 

The  initial  lesion  is  frequently  overlooked,  and  there  may 
be  no  recognizable  signs  for  a  considerable  time,  even  months, 
after  the  actual  infection.  Invasion  by  the  skin  usually  occurs  upon 
an  exposed  part  througli  some  breach  of  surface  :  inoculation  by 
scratching  is  occasionally  observed.  There  is  no  typical  chancre, 
but  a  papule  may  appear  and  quickly  ulcerate,  or  the  wound  may 
develop  erysipelatoid  swelling  with  lymphangitis  and  adenitis.  In 
some  instances  vesicles  are  noted  round  the  point  of  entrance.  In 
the  case  of  the  mucosae  of  the  mouth  and  nose  the  onset  is  usually 
with  catarrh  ;  a  copious,  thin,  sero-purulent,  and  later  sanious,  acrid 
fluid  Hows  from  the  nostrils,  or  is  expectorated.    Ulceration  is  the 
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rule,  but  is  not  invariable.  Severe  diarrhoea  at  the  outset  suggests 
infection  by  ingestion,  but  gastro-intestinal  lesions  in  man  are  rare. 
Infection  per  vaginam  is  recorded  (Auer). 

Morbid  anatomy — All  the  tissues  of  the  body  are  affected. 
The  cutaneous  lesions  are  papular,  vesicular,  and  pustular  eruptions, 
serpiginous  ulceration,  and  local  gangrene.  In  the  mucosae  there  is 
destructive  granulomatous  ulceration,  rapidly  spreading,  but  with  a 
tendency  to  heal.  Intra-  and  intermuscular  abscesses  are  common  ; 
the  contents  are  sometimes  viscid  detritus,  yellow,  red,  grey,  or  brown 
in  colour  ;  pus  is  often  thick  or  curdy.  Periosteo-myelitis  is  not  in- 
frequent ;  when  the  bones  of  the  calvarium  are  involved  there  is  often 
an  extradural  abscess  or  pachymeningitis.  Phlebitis  and  thrombosis 
are  met  with ;  whilst  implication  of  thel  ymphatics,  with  development 
in  their  course — possibly  at  the  valves — of  nodular  swellings  which 
usually  suppurate,  is  so  characteristic  that  the  name  "farcy"  has 
been  applied  to  the  type  of  case  in  which  such  subcutaneous  nodes 
or  "  farcy  buds  "  are  a  prominent  feature.  The  term  is  unnecessary 
and  should  be  dropped.  At  autopsy  the  liver,  spleen,  and  kidneys 
fairly  often  show  nodules  or  abscesses  ;  tlie  testicles  but  seldom. 
The  lungs  generally  exhibit  patchy  areas  of  pneumonic  consolida- 
tion ;  extrapleural  suppuration  is  not  rare. 

The  histological  appearances  resemble,  for  the  most  part,  those 
met  with  in  the  other  granulomas,  but  vary  considerably  with  the 
virulence  of  the  strain  of  bacillus  concerned.  The  peculiar  nuclear 
degeneration  Icnown  as  chromatotaxis  is  a  suggestive  feature  of  the 
microscopical  appearances. 

Clinical  course. — For  descriptive  purposes  it  is  usual  to  speak 
of  "  acute  "  and  "  chronic  "  glanders.  If  it  be  remembered  that  a 
common  termination  of  the  less  severe  form  is  in  acute  exacerbation, 
and  that  any  lesion  may  occur  in  either  type,  this  distinction  may  be 
preserved.  Chills,  which  are  usual  in  the  acute  form,  have  also  been 
noted  about  the  time  of  infection,  even  in  cases  of  many  years'  dura- 
tion. Prostration,  which  is  pronounced  when  the  course  is  rapid, 
may  also  be  a  striking  feature  in  the  presence  of  a  single  isolated  lesion, 
such  as  an  intramuscular  abscess.  Lymphangitis  and  erysipelatoid 
tumidity,  often  noted  about  the  v/ound  of  entrance,  are  also  of  com- 
mon occurrence — especially  about  the  face  and  neck,  in  the  late  stages 
of  an  acute  attack  (Fig.  239).  Broadly  spealving,  it  may  be  said 
that  the  case  which  runs  its  course  in  a  few  weeks  from  the  com- 
mencement resembles  any  other  pyaemia.  The  character  of  the 
pyrexia,  the  malaise,  pains  in  the  limbs,  tlie  delirium,  the  arthritis, 
the  multiple  abscesses,  the  pneumonia,  and  finally  the  generalized 
cutaneous  eruption,  which  passes  from  papular  to  pustular  or  bullous 
— especially  when  these  symptoms  are  combined  with  fetid  catarrh 
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of  the  upper  respiratory  iimcosfe  and  tumefaction  of  tlie  face — 
present  a  clinical  picture  of  systemic  infection  which  only  requires 
the  history  of  exposure  to  the  glandrous  contagion  to  make  the 
diagnosis  strongly  presumptive. 

The  lesions  of  the  more  chronic  type  are  protean.  An  indolent, 
indurated  ulcer  of  the  hand  or  arm  or  leg,  perhaps  with  hard  lymphatics 


Fig.  239. — Case  of  acute  glanders. 

running  from  it,  and  associated  adenitis  ;  a  serpiginous,  eroding  ulcer 
that  may  lay  bare  a  bone  or  open  into  a  joint,  or  into  the  pleura,  or 
into  the  trachea,  and  leave  persistent  sinuses  ;  single  or  multiple  inter- 
or  intramuscular  abscesses,  or  periostitic  suppuration  or  necrosis,  or 
gangrene  of  the  nose  or  palm  or  penis  ;  purulent  arthritis  ;  purulent 
sinusitis  ;  otitis  media  ;  conjunctivitis  ;  dacryo-cystitis  ;  bronchitis 
and  pleurisy ;  jaundice  and  diarrhea  ;  or  slow,  destructive,  poly- 
cyclical  ulceration  of  the  palate  and  fauces,  with  perforation  into  the 
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nasal  fossae  ;  necrosis  of  the  septum,  and  disintegration  of  the  soft 
parts  of  the  nose  and  lips — any  of  these  may  be  present  as  the  sole 
evidence  of  the  disease  ;  or,  on  the  other  hand,  almost  any  combina- 
tion of  them  may  coexist,  or  all  in  turn  may  figure  in  the  clinical  history 
of  a  case  that  spreads  over,  it  may  be,  fifteen  years,  with  intervals 
of  weeks  or  months  or  years  of  freedom  from  overt  signs. 

Diagnosis. — It  will  be  evident  that  while  the  multiplicity  of  the 
lesions,  when  of  simultaneous  occurrence,  offers  assistance  to  diagnosis, 
the  diversity  of  the  clinical  picture  in  individual  instances  of  a  gland- 
rous  affection  hinders  recognition,  and  permits  the  true  condition 
to  be  overlooked.  The  eruption  has  been  mistaken  for  smallpox, 
varicella,  impetigo,  and  herpes  necrotica  ;  the  general  febrile  state  for 
typhoid,  typhus,  influenza,  acute  rheumatism,  and  pneumonia. 

The  rash,  which  is  irregularly  distributed  without  regard  to  aspect, 
often  comes  out  in  crops  over  three  or  four  days  ;  it  may  be  sparse 
and  scattered,  or  close-set ;  the  vivid  red  or  purplish  areola  often 
noted  around  the  vesicles  and  pustules  is  said  to  be  characteristic 
(Richer). 

The  chronic  lesions  of  the  skin  and  mucous  membranes  may  easily 
be  confused  with  those  of  syphilis  or  tuberculosis,  and  even  of  lupus, 
actinomycosis,  or  leprosy. 

The  possibility  of  glanders  should  always  be  borne  in  mind  in 
any  case  in  which  a  patient  whose  occupation  is  likely  to  bring  him 
into  contact  with  sick  horses  presents  a  chronic  inflammatory  lesion 
of  the  skin,  of  the  oral  or  nasal  mucosae,  or  an  inflammatory  mass  in 
the  subcutaneous  or  muscular  tissues. 

The  mallein  test,  commonly  applied  to  horses,  may  also  be 
used  in  man.  Small  doses  are  unreliable,  and  10-15111  have  been 
given  in  many  instances,  even  in  the  non-glandrous,  without  untoward 
effects.  In  the  affected  there  is  slight  local  reaction  ;  the  constitu- 
tional reaction  is  but  little  more  than  the  pyrexia  would  account  for  ; 
a  maximum  rise  of  temperature  to  105°,  with  an  average  of  103'5°, 
returning  to  normal  in  about  forty-eight  hours,  may  be  expected 
(Chart  4).  Tuberculin  does  not  produce  a  reaction  in  the  glandrous. 
The  method  of  cutaneous  vaccination  (von  Pirquet's)  has  been 
successfully  applied  with  mallein  (Zieler  and  Martel). 

Straus's  test. — The  most  reliable,  and  in  doubtful  chronic  cases 
the  only  reliable,  diagnostic  method  is  animal  inoculation.  An  emul- 
sion of  suspected  tissue,  injected  into  the  subcutaneous  layer  of  the 
abdominal  wall  or  into  the  peritoneal  cavity  of  a  young  male 
guinea-pig,  produces  in  from  two  to  fourteen  days,  according  to 
the  virulence  of  the  strain,  an  acute  orchitis  with  engorgement  of 
the  tunica  vaginalis,  from  which,  to  establish  the  proof,  the  B. 
mallei  should  be  recoverable. 
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Examination  of 
the  blood  is  some- 
times of  value.  The 
organism  itself  can,  as 
a  rule,  be  cultivated 
from  the  blood  only 
shortly  before  death  ; 
the  total  and  differen- 
tial counts  of  leuco- 
cytes aft'ord  no  evi- 
dence of  special  im- 
portance. With  some 
infections,  however,  it 
is  possible  to  demon- 
strate agglutination  in 
dilutions  of  1  in  100, 
whereas  normal  blood 
fails  to  agglutinate  at 
a  dilution  of  1  in  2.5. 
The  "complement-fixa- 
tion "  method  holds  out 
some  promise  of  use- 
fulness. 

Treatment. — 
The  various  surgical 
measures  of  a  regional 
character  indicated  by 
the  occurrence  of  sup- 
puration should  be 
prosecuted  with  vigour. 
The  local  use  of  power- 
ful antiseptics,  such  as 
pure  phenol,  seems  to 
have  been  of  definite 
value,  but  the  only 
real  hope  of  saving  an 
acute  case  lies  in  me- 
thods addressed  to  the 
general  defensive  me- 
chanism of  the  body, 
such  as  the  injection 
of  bovine  or  natur- 
ally immune  serum, 
of  which  as  much  as 


Chart  4. — Temperature  charts  of  four  cases 
of  glanders  in  which  mallein  was  used 
for  diagnosis. 
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200  c.c.  has  been  given  at  intervals  within  three  weeks  ;  or  by  the  use 
of  repeated  doses  of  mallein,  for  which  beneficial  effects  have  been 
claimed.  Some  hope  has  been  held  out,  by  the  publication  of  suc- 
cessful cases,  that  a  vaccine  may  prove  curative.  This  method  should 
certainly  receive  a  trial.  Of  drugs,  mercury  by  inunction,  potassium 
iodide,  and  aconite  have  been  vaunted  in  the  treatment  of  more 
chronic  cases,  but  none  has  any  specific  action.  Rontgen  and  other 
rays,  and  the  various  forms  of  electrical  influence,  have  been  em- 
ployed, but  without  much  success,  for  indolent  lesions  of  the  mouth 
and  nose. 

Prognosis — It  has  been  stated  that  50  per  cent,  of  the  chronic 
cases  get  well  (Sims  Woodhead).  This  estimate  is  certainly  much 
too  high  ;  20  per  cent,  would  be  a  closer  approximation  to  the  facts. 
Temporary  recoveries  may  occur  in  the  higher  proportion,  but  many 
of  them  relapse,  and  not  a  few  eventually  succumb  to  the  disease. 
The  outlook  in  cases  of  pysemic  tjrpe,  particularly  when  a  generalized 
eruption  has  appeared,  is  gloomy  in  the  extreme. 
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ACTINOMYCOSIS 


By  G.  C.  CHOYCE,  B.Sc,  M.D.,  F.R.G.S. 

General  description. — Actinomycosis  is  an  infectious  disease 
due  to  invasion  of  the  connective-tissue  planes  of  the  body  oi  tlie 
internal  organs  by  the  actinomyces  or  ray  fuiigiis.  Since  its  recog- 
nition in  1876  by  Bollinger  it  has  very  frequently  been  found  in 
herbivorous  and  omnivorous  animals.  In  man  it  is  considerably 
rarer,  but  less  so  than  was  formerly  supposed.  It  was  first  recognized 
in  England  by  Acland  in  1884. 

There  is  now  no  doubt  that  some  of  the  cases  which  have  been 
classed  as  actinomycosis,  and  which  clinically  more  or  less  closely 
resemble  it,  are  caused,  not  by  tlie  actinomyces,  but  by  an  allied 
organism  of  the  same  group— the  Streptothricefe.  Only  by  careful 
bacteriological  examination  can  the  identity  of  the  causal  organisms 
be  determined. 

In  streptothricial  infections  generally,  and  jiarticularly  in  actino 
mycosis,  the  predominant  characters  are  those  of  a  chronic  jn'ogressive 
granulomatous  and  fibrous  infiltration  of  the  connective  tissues  ;  this 
is  accompanied  by  the  development  of  multiple  small  abscesses,  which 
discharge  a  viscid  exudate  containing  characteristic  yellow  or  red 
granules  composed  of  tangled  masses  of  the  fungus. 

Frequently  in  the  central  parts  near  tlie  original  site  of  infection 
the  disease  displays  a  tendency  to  spontaneous  cicatrization,  syn- 
chronously with  a  slow  centrifugal  spread  at  the  margins. 

It  is  the  cause  of  "  wooden  tongue  "  and  "  luoipy  jaw  "  in  cattle. 

Etiology. — The  primary  cause  of  true  actinomycosis  is  the  attack- 
by  the  actinomyces,  the  characters  of  which  have  been  described  else- 
where (p.  85). 

In  the  discharge  from  the  abscesses,  or  in  a  section  of  one  of  the 
granulomas,  it  typically  appears  as  a  number  of  small,  scarcely  visible, 
red,  yellow,  or  grey  granules  (the  so-called  "  red  pepper  "  or  "  sulphur 
grains  "). 

If  a  granule  be  floated  out  in  water  it  will  frequently  be  found  to 
consist  of  a  central  mycelium  in  which  are  entangled  small  round 
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spore-like  bodies.  From  this  there  radiate  many  fine  threads,  which 
may  or  may  not  show  Icnobbed  ends. 

The  fungus  is  saprophytic,  and  probably  dependent  upon  the 
presence  of  some  particle  of  decaying  vegetable  matter  lodged  in  a 
hollow  tooth  or  other  cranny.  Its  normal  habitat  is  said  to  be  inside 
the  husks  or  sheaths  of  barley  and  other  grasses. 

Its  mode  of  ingress  into  animals  appears  to  be  through  abrasions 
in  the  mucous  membrane,  especially  of  the  tongue,  mouth,  etc.,  due 
to  scratches  with  infected  grain.  In  man  it  is  generally  stated  to 
gain  entrance  on  particles  of  chewed  grasses  or  inhaled  grain-dust 
which  become  lodged  in  abrasions  of  the  mucous  membrane  of  the 
alimentary  canal,  in  a  tonsillar  crypt,  or  in  the  hollow  of  a  carious 
tooth.  It  seems  probable  that  the  presence  of  such  a  foreign  particle 
is  necessary  for  the  initiation,  if  not  for  the  progress,  of  the  disease. 
Cases  are  recorded  of  infection  by  means  of  dental  instruments  and 
of  splinters  of  wood. 

Although  the  infection  usually  occurs  through  the  alimentary  or 
respiratory  tracts,  the  fungus  may  effect  an  entry  through  the  skin 
or  through  the  genito-urinary  system. 

In  connexion  with  the  relationship,  first  observed  by  Israel  in 
1878  and  since  then  frequently  confirmed,  between  actinomycosis  and 
carious  teeth,  it  is  interesting  to  note  that  recently  Lord  has  found, 
in  the  carious  teeth  of  individuals  without  actinomycosis,  organisms 
wliich  have  the  morphology  and  staining  reactions  of  actinomyces,  and 
which  have  caused  actinomycotic  omental  tumours  in  guinea-pigs 
inoculated  with  the  contents  of  such  teeth. 

Predisposing  factors. — These  are — 1.  Occupation.  The  disease 
is  usually  met  with  in  men  associated  with  the  farming,  stevedoring, 
and  corn-chandlery  industries. 

2.  The  lodgment  of  a  particle  of  grain. 

3.  Sex.  The  afiection  is  about  twice  as  frequent  in  men  as  in 
women. 

4.  Age.  Actinomycosis  is  commonest  between  the  ages  of  20 
and  40. 

Distribution  of  the  lesions.— The  fungus  may  attack  any 
organ,  but  it  shows  a  special  tendency  to  spread  in  tissues  of  the 
connective-tissue  type  (areolar  tissue,  fibrous  tissue,  bones,  and 
muscles).  The  commonest  site  in  man  is  near  the  angle  of  the  jaw; 
in  cattle,  in  the  tongue  or  jaw.  Usually  the  disease  first  involves  some 
part  of  the  tongue,  gastro-intestinal  or  respiratory  tracts  ;  but  pri- 
mary cases  have  been  observed  in  the  skin  and  the  genito-urinary 
organs,  e.g.  in  the  kidney,  prostate,  and  vagina.  Secondarily,  either 
by  local  spread  or  by  metastasis,  any  tissue  or  organ  may  become 
involved — pleura,  peritoneum,  bones,  liver,  and  even  brain. 


MORBID  ANATOMY  OF  ACTINOMYCOSIS  S75 


Scblaiige  recorded  100  cases,  of  which  80  were  in  tlie  jaw  and 
neck.  The  combined  Hst  of  430  cases  collected  by  Illich  in  1892, 
and  Leith  in  1894,  shows  the  following  distribution  : — 

Head  and  neck       .       .       .  224  )   

Tongue  1(3  /  •  •  ^o-.o  per  cent. 

Abdomen        .        .       .       .    93  .  .  21-(iO 

Lungs      .....    57  .  13-25  , 

Skin  11  .  .  2-50 

Doubtful   29  .  .  6-90 

430      .        .  100 

Hertz  lias  added  64  additional  abdominal  cases. 

Morbid  anatomy. — At  the  site  of  infection  there  is  a  cnromc 
inflammatory  process,  in  which  small  romid  lymphatic-like  cells  are 
usually  seen.  This  area  is  soon  surrounded  by  a  firm  fibro-cellular 
zone,  and  there  ensues  a  gradual  invasion  of  the  neighbouring  connec- 
tive-tissue planes,  with  hard  lumpy  masses  of  chronic  inflammatory 
material ;  this  may  take  the  form  of  a  general  diffuse  brawny  infiltra- 
tion with  ill-defined  edges,  or  of  a  definite  collection  of  tumours  which 
display  at  first  a  smooth,  regular  surface  and  a  dense,  uniform 
consistency.  Secondary  pyogenetic  infection  is  a  common  and,  in 
internal  organs,  an  outstanding  feature  ;  the  abscesses  burst  and 
discharge  the  characteristic  granular  and  viscid  exudate,  so  that 
eventually  there  remains  a  widespread  and  sinus-riddled  diffuse  mass 
of  nodular  inhlti'atioii,  witli  a  more  or  less  profuse  purulent  discharge. 

Microscopic  examination  of  a  section  shows  a  mycelium 
of  radially  arranged  branching  filaments  lying  in  each  softened  area, 
and  surrounded  by  a  zone  of  fibro-cellular  tissue.  The  sinus  walls  are 
lined  by  granulation  tissue,  which  contains  many  "  pe23per  granules." 
In  the  purulent  contents  of  the  abscesses,  or  in  the  discharge  from 
the  sinuses,  the  characteristic  branching  filaments  are  always  seen. 
(Plate  80.) 

Clinical  features. — The  general  symptoms  are  often 
very  vague  unless  an  important  oigan  be  interfered  with  ;  so  that, 
if  the  disease  be  in  an  internal  part  of  the  body,  diagnosis  may  be 
difficult  until  the  tumour  becomes  large  and  jDalpable,  or  until  the 
fungus  is  found  in  the  sputum  or  other  ejecta.  The  victim  presents 
slowly  progressive  weakness,  ana?mia,  and  wasting,  often  allied  with 
fever  of  a  tuberculous  type,  and,  when  questioned,  may  give  a  his- 
tory of  employment  involving  the  handling  of  corn  or  the  inhalation 
of  grain-dust.  There  is  no  tenderness,  and  may  be  no  pain  ;  when  the 
latter  exists,  it  is  often  neuralgic  and  due  to  pressure. 

If  the  lesion  is  visible  the  conditions  described  under  Morbid 
Anatomy  appear,  namely,  a  diffuse  tumefaction  of  a  firm  infiltrat- 
ing type,  nodular  in  places,  in  others  softening  and   exuding  the 
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"  pepper  granules  "  in  a  viscid  and  sometimes  watery  medium.  The 
overlying  skin  becomes  mottled  and  purplish.  True  suppuration  and 
lymphatic  adenitis  are  absent  unless  secondary  infection  by  pyo- 
genetic  organisms  has  taken  place. 

The  disease  spreads  by  continuity,  but  occasionally  invades  a 
vein,  and  then  may  exhibit  metastasis. 

In  special  sites. — 1.  In  the  head  and  neck,  which  is  by 
far  the  commonest  seat  of  the  disease,  the  infection  nearly  always 
commences  from  a  carious  tooth  or  from  an  abrasion  of  the  mucous 
membrane.  Thence  it  spreads  to  the  lower  jaw  and  cheek,  though 
occasionally  it  may  extend  to  the  tongue,  upper  jaw,  vertebral  column, 
or  even  the  base  of  the  skull  and  brain.  The  disease  pursues  the  course 
described  above  :  multiple  abscesses,  discharging  sticky  exudate  con- 
taining "  pepper  granules,"  are  formed  in  a  mass  of  diffuse  or  nodu- 
lar induration.  Simultaneous  cicatrization  near  the  primary  focus,  and 
spread  down  the  planes  of  the  neclc,  occur,  until  perhaps,  finally,  the 
disease  reaches  the  mediastina,  leaving  behind  it  a  dense,  fibrous  track 
of  distorted  and  nodular  scar.  It  may  extend  from  one  side  of  the 
neck  to  the  other.  Stiffness  of  the  neck  and  difficulty  in  swallowing 
and  breathing  may  result.  The  great  vessels  are  surrounded,  but 
usually  escape,  though  Ponfick,  Schlange,  and  others  have  recorded 
cases  of  erosion  into  the  jugular  veins  and  general  metastatic  actino- 
mycotic "  pyfemia." 

If  the  disease  enters  at  the  angle  of  the  mouth  it  may  lead  to  very 
extensive  deformity,  as  in  a  Chinaman  seen  by  the  writer  in  1908. 

2.  The  ahclomen. — In  the  alimentary  tract  below  the  pharynx, 
primary  cases  have  been  reported  in  the  oesophagus  by  Mikulicz  and 
others,  but  they  are  rare.  Similarly,  the  stomach  and  small  gut  are 
relatively  immune  as  compared  with  the  large  intestine.  By  far  the 
greater  proportion  of  gastro-intestinal  cases  occur  in  the  region  of 
the  cfecum,  appendix,  and  ascending  colon.  The  chief  growth  is  in  the 
submucosa,  where  it  commences  as  flattened,  greyish  nodules  ;  owing 
to  early  secondary  infection,  softening  and  destruction  are  early  and 
extensive.  The  peritoneum  soon  becomes  involved.  Dense  adhe- 
sions form  and  become  riddled  by  the  disease,  which  thus,  preceded  by 
adhesions,  spreads  to  all  the  surrounding  structures  and  organs,  pene- 
trating any  variety  of  tissue,  even  bone,  until  it  may  ultimately  reach 
the  abdominal  wall  and  perforate  it  through  many  fistulte.  In  like  man- 
ner the  abscesses  may  burst  into  the  bladder,  kidney,  or  pleura.  Ffecal 
fistulae  are  not  infrequent,  but  intestinal  obstruction  is  a  rare  sequel. 

Clinically,  the  signs  are,  at  first,  malnutrition  and  secondary 
ansemia,  sometimes  irregular  fever,  and  some  intestinal  catarrh, 
followed  sooner  or  later  by  the  discovery  of  a  hard  but  ill-defined  and 
usually  painless  tumour,  which  may  show  areas  of  semi-fluctuation. 
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The  cachexia  becomes  more  marked,  tlie  irregular  fever  more  con- 
stant, and  hiter  the  lump  may  burst  on  the  surface,  usually  in  the 
cascal  region,  and  discharge  the  ray  fungus.  The  liver  is  most  fre- 
quently the  seat  of  secondary  deposits,  which  suppurate  and  give 
rise  to  large,  irregular-shaped  abscesses  with  walls  of  varying  thick- 
ness.   Local  perihepatitis  may  occur. 

3.  The  respirator!/  tract. — Lung  infection  may  sometimes  be  primary 
and  due  to  inhalation,  or  more  usually  secondary  by  direct  spread 
from  disease  in  the  neck,  mediastina,  or  abdomen.  It  manifests  itself 
as  a  destructive  broncho-pneumonia  with  peribronchial  nodules  and 
small,  softened  areas  often  combined  with  interstitial  fibrosis.  In  a 
few  cases  the  fibrosis  is  the  predominant  character.  During  this 
earlier  stage  local  physical  signs  are  often  wanting,  and  the  general 
symptoms  indeterminate.  In  a  patient  seen  by  McGavin  and  the 
writer,  rapidly  progressive  emaciation  and  weakness  were  the  only 
ascertained  signs,  until  the  chance  expectoration  of  a  single  pellet  con- 
taining the  micro-organism  led  to  a  diagnosis.  Later  the  lung  becomes 
contracted,  and  the  diameter  of  the  chest  on  the  affected  side  may 
be  diminished.  The  disease  extends  to  the  pleura,  giving  rise  to 
adhesions,  and  sometimes  effusion.  It  eventually  reaches  and  per- 
forates the  thoracic  wall,  diapliragm,  or  pericardium.  In  these  later 
stages  the  temperature  is  higher  and  more  constant.  Pain,  night- 
sweats,  and  repeated  haemoptysis  may  be  present,  and  the  physical 
signs  of  pulmonary  disease  are  more  obvious.  The  sputum  contains 
granules  of  mycelium  and  evidences  of  lung  necrosis,  although  elastic 
fibres  are  frequently  absent. 

In  the  larynx,  actinomycosis  is  usually  secondary  to  disease  in  the 
neck  or  mouth,  but  cases  have  been  recorded  in  which  it  ajspeared 
to  be  jJrimary.    It  generally  commences  as  a  perichondritis. 

4.  The  genito-urinari/  tract  in  any  part  may  be  secondarily  involved 
in  abdominal  actinomycosis.  Primary  cases  have  been  reported  in 
the  kidney,  prostate,  and  vagina. 

.5.  The  hones  are  never  the  seat  of  primary  actinomycosis.  Those 
most  commonly  invaded  are  the  lower  jaw,  verteln-a:',  ribs,  and  occa- 
sionally the  upper  jaw  and  the  base  of  the  slcull.  They  undergo  exten- 
sive erosion,  which  is  not,  as  a  rule,  associated  with  any  great  amount 
of  new  jDcriosteal  bone  formation.  In  a  few  cases,  liowever,  this  has 
been  marked.  In  the  spine,  angular  curvature  has  been  reported  ; 
the  meninges  and  the  cord  usually  escape,  though  there  may  be  inter- 
costal neuralgia. 

6.  Although  the  sl-i»  is  more  often  secondarily  tlian  primarily 
involved,  numerous  cases  are  on  record  in  which  it  was  the  initial 
site  of  infection. 

7.  In  the  tongue  the  disease  takes  the  form  of  a  dense  fibi'ous  iufil- 
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tration  ("  wooden  tongue  of  cattle),  with  or  without  multiple  nodules 
and  abscesses. 

.8.  The  hrain  may  be  invaded  by  metastatic  deposits,  carried  to  it 
by  the  blood-vessels,  or,  as  in  Ponfick's  case,  by  spread  from  the  cranial 
base.  The  abscesses  are  in  the  white  matter,  are  usually  multiple,  and 
are  surrounded  by  areas  of  cerebritis  and  meningitis.  Their  develop- 
ment may  be  comparatively  rapid  and  occupy  only  five  or  six  weeks. 

9.  The  heart  and  pericardium  may  be  invaded  in  thoracic  actino- 
mycosis. 

Diagnosis. — The  disease  must  be  differentiated  from — • 

(a)  Tuberculosis,  especially  tubercular  lymphadenitis  and  peri- 
adenitis. 
{h)  Carcinoma, 
(c)  Sarcoma. 
{d)  Syphilis, 
(e)  Chronic  abscess. 

(/)  Chronic  appendicitis  in  cascal  cases. 
{g)  Chronic  glanders  of  the  skin  and  subcutaneous  tissue. 
The  following  points  will  help  in  its  differentiation  : — 

1.  The  history  of  great  chronicity  and  exposure  to  infection 

2.  The  alternation  of  very  dense  infiltration  with  multiple  semi 
fluctuating  areas. 

3.  The  sinus-riddled  condition,  when  present. 

4.  The  gradual  merging  hito  the  surrounding  tissues. 

5.  The  mottled  bluish  colour  of  the  skin  over  the  softened  areas. 

6.  The  fact  that  the  lymph-glands  are  not  affected  unless  secondary 
pyogenetic  infection  has  supervened. 

7.  The  large  size  of  the  area  involved  compared  with  the  small  size 
of  the  tumour. 

8.  The  character  of  the  exudate. 

9.  The  diagnosis  is  rendered  certain  by  the  discovery  of  the  charac- 
teristic organism  in  the  discharges  or  in  the  granulation  tissue. 

Recently  a  method  of  serum  diagnosis  depending  upon  fixation  of 
the  complement  has  been  employed,  but  up  to  the  time  of  writing 
the  results  have  been  variable,  the  negative  reaction  being  especially 
unreliable. 

Prognosis. — As  regards  life,  the  outlook  is  not  so  hopeless  as  is 
sometimes  stated.  Even  untreated  cases  occasionally,  though  rarely, 
survive,  and  although  the  death-rate  is  high  amongst  patients  sub- 
jected to  treatment,  a  considerable  number  ultimately  recover.  The 
prognosis  is  worse  if  pyogenetic  infection  be  added,  if  entrance  into 
a  vein  and  metastasis  occur,  if  important  organs  become  involved,  or 
if  amyloid  degeneration  follow  as  the  result  of  infection  with  pyo- 
genetic organisms.    Death  results  from  exhaustion,  amyloid  degenera- 
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tiou,  or  spread  to  a  vital  organ.  The  prognosis  is  worse  in  internal 
than  in  superficial  cases,  and  is  especially  bad  in  thoracic  cases. 

The  local  lesions  may  persist  for  years,  but  if  treated  may  ulti- 
mately heal  with  considerable  deformity. 

Treatment. — Chief  reliance  must  be  placed  on  the  administra- 
tion of  large  doses  of  potassium  iodide,  even  more  than  200  gr.  per 
diem  being  necessary  in  many  cases  before  any  therapeutic  effect  is 
seen.  It  may  be  given  by  mouth  or  by  injection.  The  surgeon  should 
be  prepared  for  the  pain  and  rise  of  temjjerature  that  may  follow  its 
exhibition,  and  should  also  give  it  in  high  dilution. 

Mercurial  injections  have  sometimes  caused  apparent  improvement. 

Injections  of  iodipin  (1  per  cent.)  have  proved  useful^  in  one  of 
my  cases.  Local  injections  of  iodoform  emulsion  in  vaseline  have 
proved  serviceable. 

Locally,  surgical  measures,  such  as  excision,  or  free  incision  and 
curettage,  must  be  practised  in  all  cases  that  permit  of  their  adoj^tion. 

Potassium  iodide  compresses  have  been  used,  but  ordinary  aseptic 
or  antiseptic  dressings  are  preferable.  It  is  important  to  postpone 
secondary  pyogenetic  infection  as  long  as  ^^ossible.  Washing  out  of 
the  fistulte  with  hydrogen  peroxide  is  of  value. 

Daily  local  injections  of  potassium  iodide  (1  per  cent.)  into  difi'erent 
parts  of  the  lesion,  as  practised  by  Rydygier,  have  been  followed  by 
definite  improvement. 

In  my  experience  the  best  treatment  consists  in  the  combination 
of  surgical  measures  with  the  very  free  administration  of  potassium 
iodide  both  by  mouth  and  by  local  injection. 

Although  Actinomyces  bovis  is  aerobic,  some  of  the  closely  allied 
streptothricife,  which  are  sometimes  found  in  man,  prefer  anaerobic 
conditions.  If  their  presence  can  be  determined,  free  incision  and 
the  use  of  hydrogen  peroxide  locally  are  indicated. 
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TETANUS 


By  F.  victor  MILWARD,  B.C.,  F.R.C.S. 

Tetanus  is  a  bacterial  disease,  characterized  by  an  incubation  period 
of  variable  length,  by  tonic  and  clonic  contractions  of  the  voluntary 
muscles,  and  by  a  high  death-rate.  The  Eegistrar-General's  Reports 
show  that  an  average  of  250  deaths  from  tetanus  has  occurred  per 
annum,  and  that  the  proportion  of  female  to  male  deaths  is  as  1  to 
3'15.  The  mortality  of  the  disease  is  to  be  reckoned  at  from  80 
to  90  per  cent.,  although  it  has  been  claimed  by  Kohler  and  others 
that  since  the  introduction  of  antitoxin  it  has  fallen  to  less  than 
50  per  cent.  However,  English  statistics  do  not  bear  out  this  state- 
ment. The  bacillus  of  tetanus  resides  in  the  soil,  especially  in  the 
proximity  of  dwellings  and  stables,  and  the  disease  principally  affects 
the  inhabitants  of  populous  centres,  country  districts  being  relatively 
immune. 

Variety   of  wounds  and    mode   of  infection. — The 

wound  which  gives  entrance  to  the  tetanus  bacillus  may  be  of  any 
variety,  and  in  any  situation.  If  it  is  large,  lacerated,  soiled,  or 
suppurating,  or  if  it  contains  a  foreign  body,  so  much  the  more  is  the 
complication  to  be  feared.  If,  on  the  other  hand,  it  is  imperceptible, 
insignificant,  or  if  it  heals  without  suppuration,  it  is  likely  to  be  asso- 
ciated with  the  milder  type  of  the  disease,  though  even  in  such  cases 
the  chances  of  a  fatal  termination  are  exceedingly  grave.  Tetanus 
has  long  been  known  to  complicate  surgical  operations,  even  when 
aseptic  conditions  have  prevailed,  but  happily  it  is  a  rare  sequel. 
Richardson  has  called  attention  to  this  question  in  a  paper  of 
great  interest  [Brit.  Med.  Journ.,  1809,  i.  948). 

In  82  cases  collected  from  the  St..  Tliovias's  Hospital  Reports 
(vol.  xxix.),  from  1886  to  1901,  the  different  kinds  of  injury  are 
given  as  follows  :  Wounds  (incised,  lacerated,  contused,  fractured), 
41  ;  parts  crushed,  10  ;  compound  fractures,  7  ;  burns  and  scalds, 
6  ;  operations,  3  ;  ulcer,  abscess,  whitlow,  gimshot  wound,  cut  throat, 
broken  corn,  scabietic  pustule,  infected  umbilicus,  furuncle,  1  each  ; 
no  apparent  breach  of  surface,  6. 

Incubation  period.— In  a  series  of  .58  cases  the  period  of  in. 

88o 


TETANUS 


88i 


cubation  was  found  to  range  between  two  and  sixteen  days,  and  iu 
another  series  of  41  cases  it  varied  between  five  and  eleven  days. 
The  second  week  is  the  time  during  which  the  first  symptoms  usually 
appear,  and  an  incubation  period  of  more  than  three  weeks  is  cjiiite 
rare.  Recent  researches  suggest  that  the  hngth  of  the  incubation 
period  varies  with  the  distance  the  toxins  must  travel  along  the 
peripheral  trimks  before  they  reach  the  central  nervous  system. 
Thus  it  is  well  known  that  in  wounds  of  the  head  the  symptoms 
supervene  witli  great  rapidity. 

The  prodromal  symptoms  are  indefinite  and  consist  of  general 
malaise,  slight  fever,  and  occasional  epistaxis.  They  are  usually 
assigned,  and  in  many  cases  are  probably  due,  to  the  presence  of 
suppuration.  Since,  however,  the  tetanus  toxin  is  now  known  to  be 
present  in  ever-increasing  quantities  in  and  about  the  wound,  and 
in  the  peripheral  nerves  supplying  the  part,  such  symptoms  may  well 
be  considered  true  manifestations  of  the  disease. 

Symptoms. — In  a  case  of  ordinary  severity  the  onset  of  the 
classical  symptoms  of  tetanus  is  somewhat  rapid.  From  twenty- 
four  to  forty-eight  hours  usually  suffices  for  the  appearance  of  general 
rigidity  and  possibly  of  convulsions.  A  gradual  stiffening  of  the  muscles 
of  mastication  or  of  the  neck  is  first  complained  of,  or  if  the  head 
have  been  injured  it  may  be  that  the  pharyngeal  muscles  are  first 
implicated  (tetanus  liydrophobicus).  The  early  supervention  of  con- 
vulsions in  the  more  acute  cases  is  of  grave  import,  and  the  patient 
may  be  carried  off  on  the  second  day,  asphyxiated  by  the  vice-like 
rigidity  of  the  respiratory  muscles.  In  cases  of  the  opposite  extreme 
the  disease  is  prolonged  for  several  weeks  with  more  or  less  general 
stiffness  of  the  muscular  system  and  with  or  without  spasms.  The 
gradual  rise  and  decline  of  these  symptoms  will  in  such  cases  take 
from  thirty  to  sixty  days,  and  convalescence  is  often  postponed 
for  months. 

At  the  climax  of  a  severe  case  the  skeletal  muscles  are  in  a  con- 
tinual state  of  tension,  especially  those  of  the  abdominal  wall,  which 
are  board-like  in  their  rigidity.  The  face  assumes  a  typical  expression, 
the  "  risus  sardonicus,"  in  which  the  brow  is  knit,  the  eyeballs  fixed, 
the  nostrils  spread,  and  the  buccinators  contracted.  The  jaw  is 
clenched,  and  if  the  pharyngeal  muscles  are  affected  the  act  of  swallow- 
ing is  wellnigh  impossible.  Both  superficial  and  deep  reflexes  are 
markedly  exaggerated. 

Clonic  spasms  usually  begin  within  twenty-four  hours  of  the  general 
rigidity  and  are  excited  by  the  least  external  stimulus,  such  as  a  jar 
of  the  bed,  a  draught,  a  sudden  light,  the  administration  of  food, 
or  the  dressing  of  the  wound.  Tlie  different  positions  assumed  by 
the  sufferer  during  these  convulsions  have  given  rise  to  the  terms 
3E 
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(1)  "opisthotonos,"  (2)  "  emprostliotonos,"  (3)  "  pleurasthotonos," 
and  (4)  "  orthotonos,"  the  body  and  limbs  being  arched  (1)  in  a  back- 
ward, (2)  forward,  and  (3)  lateral  direction,  or  (4)  becoming  rigidly 
straightened.  The  risus  sardonicus  is  especially  marked  during 
the  convulsions,  and  may  be  only  apparent  during  their  progress. 
The  spasms  are  sometimes  so  violent  as  to  cause  actual  laceration  of 
the  affected  muscles  and  extravasations  of  blood.  They  are  an  index 
of  the  severity  of  the  disease,  and  in  most  chronic  cases  are  infrequent, 
mild,  and  brief  in  duration.  In  a  severe  attack  they  appear  early, 
are  terrible  in  their  intensity,  and  cause  great  agony.  In  the  late  and 
hopeless  stages,  convulsion  follows  convulsion  with  scarcely  a  remis- 
sion, and  chloroform  alone  can  procure  relief. 

One  of  the  gravest  dangers  of  tetanus  is  the  respiratory  em- 
barrassment during  the  spasms.  The  cramping  of  the  intercostals 
and  diaphragm  causes  terrible  ajjprehensions  of  suffocation,  violent 
abdominal  pain,  and  deep  cyanosis.  Relaxation,  from  carbohsemia, 
is  said  to  supervene  always  before  the  fatal  issue  ;  but  it  is  certain 
that  death  may,  and  often  does,  occur  during  a  prolonged  spasm. 

A  rare  variety  of  tetanus  is  tetanus  hydropJiobicus  faralyticus, 
in  which  a  facial  wound  gives  rise  to  an  ascending  neuritis  of  the 
seventh  cranial  nerve.  The  compression  of  the  nerve  in  the 
aqueduct  of  Fallopius  produces  facial  paralysis,  while  spasms  are 
noted  in  other  parts.  The  paralytic  phenomenon  is  associated 
with  dysphagia  and  maniacal  attacks,  but  such  cases  are  not 
necessarily  more  severe  than  those  of  the  ordinary  type. 

The  general  condition  is  dominated  largely  by  the  severity  of  the 
spasms.  The  pulse-rate  is  directly  affected,  becoming  proportionately 
rapid  as  they  are  violent.  The  ensuing  exhaustion  is  extreme,  and 
death  may  occur  during  the  subsequent  relaxation  from  sudden 
cardiac  failure,  or  the  heart  may  flicker  out  more  gradually  as  the 
patient  dies  from  collapse.  Sudden  death  in  these  circumstances  has 
been  attributed  to  vagus  paralysis.  Fever  is  not  a  marked  symp- 
tom. The  temperature  either  remains  normal,  or  more  often  rises  to 
101°-102°  F.  Hyperpyrexia  has  been  noted  before  death.  The  skin 
is,  for  the  most  part,  moist,  but  during  the  spasms  becomes  bathed 
in  perspiration.  Sleeplessness  is  the  rule,  but  the  mind  is  clear  and 
without  delirium  until  near  the  end. 

The  alimentary  system  is  always  much  disturbed.  Constipation  is 
a  prominent  feature,  and  requires  the  exhibition  of  drastic  purges. 
The  tongue  is  thicldy  furred,  and  the  breath  offensive.  Vomiting 
does  not  occur.  A  painful  feature  of  the  disease  is  the  difficulty 
experienced  in  swallowing  nourishment  and  the  fruitless  efforts  to 
evacuate  the  bowel,  which  tend  to  exhaust  and  distress  the  patient, 
and  frequently  initiate  a  convulsion. 
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The  urine  is  generally  scanty.  Albuminuria  and  even  liaematuria 
have  been  observed,  and  retention  due  to  sphincter  spasm  frequently 
necessitates  catheterization. 

Diagnosis. — When  the  disease  is  fully  developed  the  diagnosis  is 
easy,  but  at  the  onset,  when  for  the  purpose  of  antitoxin  treatment 
a  correct  judgment  is  important,  it  may  be  difficult.  When  stiffness 
of  the  jaw,  not  due  to  dental  trismus,  is  complained  of,  within  three 
weeks  of  an  injury  involving  a  breach  of  surface,  tetanus  should  be 
suspected  and  an  injection  of  antitoxin  given.  If  within  the  next 
twenty-four  hours  the  rigidity  has  spread  to  the  neck  or  elsewhere, 
the  diagnosis  is  confirmed.  Rigidity  of  the  recti  abdominis  is  an 
important  early  sign. 

There  are  but  few  conditions  which  need  confuse  the  diagnosis. 
Simple  tris»ms  is  commonly  due  to  dental  caries  or  to  an  impacted 
wisdom  tooth,  and  the  dental  condition  is  evident  in  these  cases.  In 
cerebrospinal  meningitis  the  jDoints  of  distinction  are  high  tempera- 
ture, cephalalgia,  vomiting,  and  optic  neuritis,  none  of  which  symptoms 
is  present  in  tetanus.  Hysterical  spasm,  with  trismus,  is  a  source  of 
error,  but  the  neurotic  element  predominates.  In  strychnine  poisoning 
the  progress  of  the  disease  is  more  rapid,  and  convulsions  alternate 
with  quiet  intervals.  The  presence  of  strychnine  and  its  derivatives 
in  the  urine  and  the  history  of  the  case  will  clear  up  any  further 
doubt.  Hydrophobia  happily  now  requires  no  consideration,  since  it 
is  virtually  non-existent  in  this  country.  Tetany  is  seen  after  total 
excision  of  the  thyroid,  and  occasionally  after  gastric  operations. 
Its  spasms  are  induced  by  pressure  on  the  main  vessels  and  nerve- 
trunks,  and  flexor  spasm  is  a  prominent  feature. 

Pathology  and  bacteriology. — The  distinctive  post-mortem 
appearances  of  a  case  of  tetanu?  are  few  and  unimportant.  The 
principal  signs  are  indefinite  patches  of  congestion  and  softening  in 
the  grey  matter  of  the  cord,  medulla,  and  pons.  The  nerve  trunks 
leading  from  the  original  area  of  infection  may  exhibit  a  marked 
nemitis. 

The  muscular  system  shows  evidence  of  its  late  violence  in  lacera- 
tions of  its  fibres  and  ecchymoses. 

The  microscopical  appearances  are  in  accordance  with  these  signs, 
and  in  addition  the  bacillus  can  in  some  cases  be  observed  in  the  wound 
and  peripheral  nerves.  Lockwood  claims  to  have  seen  it  also  in  the 
membranes  of  the  cord  and  brain.  The  ganglionic  cells  show  signs 
of  degeneration.  The  bacillus  of  tetanus  presents  the  characters 
described  under  Surgical  Bacteriology  (p.  6.3). 

During  recent  years  much  work  has  been  done  by  Swiedeberg, 
Mayer,  Ransom,  Kitasato,  Vaillard,  and  others,  to  discover  the  path 
by  which  the  poison  of  tetanus  reaches  the  central  nervous  system. 
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In  the  rabbit,  toxin  injected  subcutaneously  or  intravenously  has 
been  shown  to  be  absorbed  by  the  motor  end-plates,  to  travel  in 
the  axis  cylinders  of  the  motor  nerves  to  the  spinal  cord,  and 
there  to  form  stable  compounds  with  the  ganglionic  cells  of  the  cord 
and  medulla.  Here  it  excites  the  intense  nervous  discharges  which 
produce  the  characteristic  contractions.  The  lymphatics  and  blood- 
vessels do  not  carry  the  toxins  directly  to  the  motor  centres.  It  has 
also  been  stated  that  it  is  the  motor  end-plates  and  not  the  lateral 
aspects  of  the  nerves  which  absorb  the  toxin,  that  its  flow  along  the 
nerves  is  centripetal  and  not  centrifugal,  and  that  purely  sensory 
nerves  do  not  absorb  it  (Marie  and  Morex).  On  reaching  the  spinal 
cord,  the  toxin  passes  upwards  until  it  has  infected  the  higher  centres 
of  the  medulla  and  cerebrum. 

Meyer  and  Ransom  were  able  to  neutralize  toxin  in  the  nerves 
by  injecting  antitoxin  into  them,  but  not  by  injecting  it  intravenously. 
They  also  injected  toxin  into  the  sciatic  nerve  of  an  animal  previously 
immunized,  and  caused  tetanus. 

Local  treatment  of  the  wound  in  an  established  case  is  of 
no  great  value  ;  still,  careful  cleansing  with  hydrogen  peroxide,  etc., 
imder  anaesthesia,  should  be  undertaken  in  the  hope  of  preventing  a 
further  supply  of  the  poison  to  the  nerve  centres.  If  small,  the  wound 
must  be  cauterized  or  excised.  Although  it  is  justifiable  to  amputate 
a  digit,  it  is  worse  than  useless  to  treat  large  wounds  on  these  lines 
or  to  amputate  a  limb.  Owing  to  the  number  of  nerve  endings  prob- 
ably afiected,  theii'  removal  or  the  division  of  the  main  trunks  has 
not  proved  of  practical  value. 

Antitoxin  treatment. — The  use  of  antitoxin  in  human  tetanus 
has  not  met  with  great  success.  The  toxins  reach  the  spinal  cord 
and  brain  by  nerve  paths  not  easily  followed  by  the  serum,  and  in 
the  ganglionic  cells  form  poisonous  and  stable  compomids  against 
which  the  remedy  is  ineffectual.  Lastly,  the  toxin  gains  a  start  of 
from  two  to  twenty  days,  by  which  time  the  higher  nervous  centres 
have  become  deeply  implicated,  as  manifested  by  the  initial  symptoms. 

Standardization  of  the  antitoxin  is  important,  and  Behring  recom 
mends  that  if  in  man  the  disease  has  already  appeared,  a  serum  from 
an  immunized  horse  be  used,  of  which  1  gr.  shall  be  capable  of 
protecting  100,000,000  grm.  weight  of  mice  against  a  minimum  lethal 
dose  of  toxin  or  bacillus.  It  is  recommended  to  inject,  altogether, 
100  c.c.  of  such  a  serum  into  five  places  in  the  body.  It  may  be 
given  subcutaneously  or  intravenously,  and  the  simultaneous  applica- 
tion of  both  methods  is  advised.  Intracerebral,  subarachnoid,  and 
intravenous  injections  have  not  yielded  the  hoped-for  results.  Injec- 
tions of  10  to  20  c.c.  and  even  more,  three  times  daily,  may  be  continued 
for  several  days  until  symptoms  begin  to  abate.    They  should  then 
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be  gradually  diminished.  They  sometimes  cause  an  urticarial  rash 
or  a  painful  effusion  into  the  joints.  Excellent  results  are  claimed 
for  Bacelli's  method  of  injecting  1  c.c.  of  a  5  per  cent,  aqueous 
solution  of  carbolic  acid  every  two  hours  for  many  successive  days, 
even  in  the  presence  of  carboluria. 

General  treatment. — After  the  necessary  local  treatment  the  ■ 
patient  must  be  isolated  in  a  darkened  room  and  nursed  in  a  manner 
least  calculated  to  excite  the  spasms.  Absolute  quietude  and  freedom 
from  external  stimulation  must  be  rigidly  enforced.  The  food  must 
be  fluid  or  semi-solid,  and  highly  nourishing.  Nasal  feeding  is  often 
necessary.  The  bowels  are  difficult  to  regulate,  and  1  minim  of  croton 
oil  may  be  required  to  produce  an  evacuation.  Skilful  nursing  is 
necessary  to  prevent  chafing  and  bed-sores.  The  mouth  will  need 
constant  attention  to  cleanse  it  of  sordes  and  the  troubles  attendant 
on  dysphagia. 

A  host  of  sedative  drugs  have  been  employed  in  attempts  to  con- 
trol the  muscular  excitability.  Chloral  hydrate,  potassium  bromide, 
chloroform,  and  mor^^hia  are  the  most  trustworthy  sedatives.  Curare, 
atropine,  amyl  nitrite,  physostigmine,  nicotine,  aconite,  cocaine, 
cannabis  indica,  and  other  drugs  have  also  been  tried,  but  with  less 
effect.  In  conjunction  with  antitoxin,  10  to  20  gr.  each  of  chloral  and 
bromide  may  be  given  every  four  hours  either  by  mouth  or  by  rectum. 
Chloroform  is  often  a  necessity,  but  it  is  diflicult  to  time  the  moment 
of  the  spasms  so  that  the  best  effect  may  be  gained  with  a  minimum 
dose  ;  and  its  prolonged  use  is  distinctly  depressing  to  the  heart. 
When  chloroform  alone  can  relax  the  spasms  the  case  is  practically 
hopeless.  The  action  of  morphia  is  disappointing,  and  it  has  the  dis- 
advantage of  promoting  the  constipation.  Sleep  is  promoted  by  the 
use  of  paraldehyde,  and  strength  is  maintained  by  as  liberal  a  diet  as 
possible.  The  treatment  is  purely  empirical,  and  recurrence  of  the 
spasms  has  been  noticed  after  its  cessation  ;  still,  it  should  be  tried, 
especially  if  antitoxin  is  not  available  (Purves  Stewart). 

Of  other  recent  methods  of  treating  tetanus  the  most  noteworthy 
is  the  subarachnoid  injection  of  sulphate  of  magnesia.  Heinech  and 
others  have  reported  many  recoveries  attributed  to  this  means. 
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By  professor  CALMETTE,  M.D. 

Hydrophobia  is  a  virulent  disease  common  to  all  mammifers,  in- 
cluding man.  It  is  transmissible  by  accidental — e.g.  bites — or  by 
artificial  inoculation  of  virus.  This  poison  is  present  in  the  nervous 
system  and  in  the  saliva  of  the  animal  or  man  affected. 

It  has  been  found  with  variable  frequency  in  all  parts  of  the  globe, 
except  Australia,  which  up  to  the  present  has  remained  immune, 
thanks  to  the  strict  prophylactic  measures  which  have  been  taken  to 
preserve  the  continent  from  the  disease. 

In  England  it  was  extremely  widespread  at  the  commencement  of 
the  last  century.  In  1830  the  surgeons  of  St.  George's  Hospital, 
London,  verified  more  than  4,000  cases  due  to  dog  bites.  It  has 
been  virtually  exterminated  in  England  by  muzzling  dogs  and  by 
the  institution  of  strict  quarantine  for  imported  dogs.  But  in  the 
United  States  and  in  Canada  it  is  still  frequent. 

Symptomatic  description.  1.  Hydrophobia  in  man. — 
Before  the  appearance  of  characteristic  symptoms  of  hydrophobia 
the  patient  suffers  pricking  sensations  and  pain,  more  or  less  severe, 
in  the  region  of  the  bite.  Later  the  disease  shows  itself  in  either 
the  convulsive  or  the  paralytic  form. 

At  the  outset  of  one  or  the  other  of  these  forms  the  patient  is 
melancholy  and  restless ;  he  seeks  solitude ;  has  headache,  often 
violent,  and  accompanied  by  hallucinations  of  hearing  and  smell. 
His  sleep  is  disturbed  by  terrible  nightmares.  Sometimes  his  depres- 
sion gives  place  to  loquacity  or  excessive  restlessness. 

From  two  to  five  days  afterwards  there  appear  difficulty  in  swal- 
lowing, pain,  and  modification  of  the  respiratory  rhythm.  When  the 
patient  tries  to  eat  or  to  drink  he  experiences  an  irresistible  con- 
traction of  the  pharynx  with  painful  spasms.  At  the  mere  sight 
of  liquid  his  jaws  clench  convulsively,  his  gaze  becomes  fixed,  and 
his  breathing  stops  for  a  moment.  The  spasms  are  provoked  also 
by  a  sudden  current  of  air,  by  a  strong  light,  a  strong  odour,  or 
an  unexpected  noise. 

A  patient  affected  with  hydrophobia  is  seldom  dangerous  to  his 
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attendants,  but  he  may  experience  a  desire  to  bite  tlie  sheets  or  the 
hand  which  tries  to  open  his  mouth. 

This  period  of  excitement,  interrupted  by  long  intervals  of  appar- 
ent calm,  lasts  two  or  three  days,  when  paralysis  gradually  ensues,  or 
perhaps  the  patient  falls  suddenly  into  an  asphyxial  state.  The 
paralysis  lasts  at  the  most  from  six  to  twelve  hours  ;  it  leads  gradu- 
ally to  collapse. 

In  cases  which  are  paralytic  from  the  beginning  the  convulsive 
state  is  very  short,  and  j^aralysis  at  the  outset  attacks  tlie  muscular 
groups  near  the  seat  of  the  bite. 

The  duration  of  the  disease  is  then  generally  longer,  but  it  is  excep- 
tional if  it  lasts  longer  than  six  days. 

2.  Hydrophobia  in  dogs. — More  often  in  dogs  hydrophobia 
presents  itself  in  the  convulsive  or  raging  form. 

The  animal  is  at  first  depressed,  restless,  irrital^le.  It  no  longer 
sleeps,  or  perhaps  its  sleep  is  disturbed  by  hallucinations.  If  possible, 
it  then  flees  from  its  master's  house  to  wander  in  the  streets,  biting 
dogs  it  meets  by  chance,  or  people  who  try  to  stop  it  in  its  course. 
Shut  up,  it  tears  and  bites  all  that  it  can  find  within  reach,  scratches 
the  ground,  and  swallows  the  most  bizarre  objects,  such  as  pieces  of 
wood,  straw,  hair,  etc.  The  voice  takes  a  cliaracteristic  note,  and  in 
place  of  barking  the  dog  emits,  with  nose  uplifted,  a  series  of  scjueaking 
guttural  sounds.  Soon  swallowing  becomes  painful,  but  even  then  the 
animal  tries  to  drink,  for  it  is  a  prey  to  a  burning  thirst.  It  will  snap 
at  a  stick  or  furiously  attack  another  dog.  Its  gait  is  weak,  its  tongue 
dirty,  blood-red,  and  hanging  from  its  mouth.  At  length  paralysis 
sets  in,  commencing  posteriorly,  gradually  reaching  the  bulb,  and  end- 
ing in  asphyxia. 

In  mute  or  paralytic  hydrophobia,  paralysis  of  the  jaws  develops 
at  the  onset  and  prevents  the  dog  from  biting,  but  its  saliva  is  as 
virulent  as  in  the  raging  form.  This  mute  hydrophobia  is  less  usual  in 
temperate  regions,  but  is  very  common  in  hot  countries,  particularly 
in  India  and  Asia  Minor. 

Other  animals  capable  of  jaropagating  hydrophobia  by  bites  are 
the  cat,  horse,  ox,  goat,  sheep,  and  the  rodents,  principally  the  rat 
and  the  mouse.  In  English  medical  literature,  epidemics  of  hydro- 
jihobia  are  recorded  among  deer  by  Horsley,  Adami,  and  Coppe.  In 
1886  an  epidemic  of  this  kind  broke  out  in  Eichmond  Park,  and  264 
animals  succumbed. 

Etiology. — The  infection  of  hydropliobia  can  always  be  trans- 
mitted by  inoculation  of  the  saliva.  In  both  men  and  dogs  this 
is  virulent  two  or  three  days  before  the  appearance  of  the  first 
symptoms  of  the  disease.  A  dog  is  thus  able  to  transmit  hydro- 
phobia although  it  still  presents  the  appearance  of  health. 
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In  1881,  Pasteur  and  his  pupils  established  the  fact  that  the  rabic 
virus  is  also  found  in  the  brain,  in  the  spinal  cord,  and  in  the  nerves. 
The  bronchial  mucus  and  the  milk  may  be  virulent,  but  neither  the 
blood,  the  lymph,  the  muscular,  hepatic,  and  splenic  tissues,  nor  the 
aqueous  humour  of  the  eye,  ever  become  infective. 

The  bulb  of  an  affected  animal  is  by  preference  the  organ  from 
which  to  obtain  the  virus  in  a  pure  state.  Trephining,  and  inoculation 
under  the  dura  mater  of  a  healthy  animal  of  a  drop  of  bulb  emulsion 
from  a  subject  dead  from  hydrophobia,  will  certainly  communicate 
hydrophobia  to  the  healthy  animal  after  a  period  of  incubation  which, 
in  the  case  of  virus  obtained  from  a  dog,  seldom  extends  beyond 
fifteen  days. 

Inoculation  of  the  anterior  chamber  of  the  eye  with  the  virus  is 
also  one  of  the  surest  methods  of  transmitting  the  disease.  The  same  is 
true  of  intramuscular  injection,  but  an  introduction  into  the  digestive 
tract  and  the  daubing  of  the  mucosa  most  often  remain  ineffective. 

Up  to  the  present  all  attempts  to  cultivate  the  rabic  virus  by  arti- 
ficial means  have  been  unsuccessful.  The  micro-organisms  of  hydro- 
phobia belong  to  the  group  of  invisible  microbes.  Their  dimensions 
are  so  minute  that  they  can  pass  through  porous  porcelain  filters  or 
infusorial  earth  (Chamberland  or  Berkefeld).  Emulsions  of  rabic 
bulb  or  brain  thus  filtered  are  still  virulent ;  heated  to  50°  C.  for  ten 
minutes,  they  are  no  longer  so. 

The  virulence  is  destroyed  very  rapidly  by  feeble  antiseptic  solutions 
(sublimate  1  per  1,000.  lemon  juice,  creolin,  sulphate  of  copper  10 
per  cent.,  hydrochloric  acid  5  per  cent.). 

Light  and  drying  in  the  presence  of  air  have  a  powerful  action 
on  the  virus,  Avhich,  however,  retains  vitality  for  a  long  time  in  a  dry 
vacuum  (Vansteenberghe). 

Pathological  anatomy.  Macroscopic  lesions. — The  macro- 
scopic alterations  met  with  in  subjects  dead  from  hydrophobia  are  due 
to  the  more  or  less  prolonged  suffering,  but  present  nothing  very 
remarkable. 

The  cord  and  the  brain  are  generally  in  a  state  of  congestion,  the 
vessels  of  the  pia  mater  are  dilated,  and  occasionally  little  miliary 
haemorrhages  even  in  the  white  substance  of  the  brain  are  present. 

Schaffer  and  Gameleia  have  dwelt  on  the  frequency  of  centres  of 
necrosis  and  softening  at  the  bases  of  the  anterior  and  posterior 
horns,  as  well  as  in  the  neighbouring  white  substance.  Benedikt  has 
remarked  analogous  alterations  in  the  grey  substance  of  the  brain, 
near  the  olfactory  lobe  and  Sylvian  fissure. 

Microscopic  lesions. — The  method  of  silver  impregnation 
enabled  Golgi  to  observe  the  form  and  structure  of  the  nervous  cells 
in  the  lesions  now  constantly  recognized  in  rabic  men  and  animals. 
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The  cells  of  the  spinal  ganglia  are  especially  vacuolated  and  exhibit 
a  fatty  granular  degeneration.  The  elements  of  the  neuroglia  are 
hypertrophied,  and  there  are  collections  of  leucocytes  around  the 
degenerated  cells. 

Nagy,  in  the  laboratory  of  Hogyes  at  Budapest,  has  shown  by 
Nissl's  method  a  special  process  of  chromatolysis  of  which  the  result 
is  the  disappearance  of  chromatin  of  the  cell  (Nissl's  corpuscles). 

In  the  cerebro-spinal  and  sympathetic  ganglia  of  two  men  dead 
from  hydrophobia,  van  Geliuchten  of  Louvain  observed  lesions  which 
he  considered  specific  among  rabic  animals.  They  consisted  of  an 
abundant  multiplication  of  the  cells  of  the  endothelial  capsule,  fol- 
lowed by  a  varying  amount  of  destruction  of  nerve  cells. 

These  lesions  are  less  pronounced  in  man  than  in  the  dog.  They 
are  particularly  noticeable  in  the  ganglion  of  the  vagus  nerve. 

Unfortunately,  their  absence  has  been  frequently  noted,  and,  on 
the  other  hand,  they  may  be  met  with  in  certain  aged  subjects 
among  those  who  succumb  to  syphilis,  typhoid  fever,  cancer,  or 
other  infectious  diseases.  They  have  not,  therefore,  any  very  great 
diagnostic  value. 

The  discovery  of  bodies  recently  described  by  Negri  presents  much 
more  interest.  These  bodies  (the  Negri  bodies)  are  quite  characteristic 
intracellular  formations,  localized  principally  in  the  large  ganglion 
cell  of  the  cornu  amnionis.  They  are  also  found  in  the  cells  of 
Purkinje  (cerebellum),  in  the  Gasserian  ganglion,  in  the  pons,  and 
in  the  large  cells  of  the  posterior  brain. 

Elsewhere  they  are  rare.  Negri  considers  them  to  be  parasites. 
To  demonstrate  them  in  sections  he  advises  that,  after  fixation 
by  Zenker's  fluid,  Mann's  stain,  prepared  according  to  the  following 
formula,  should  be  used  : — 

Solution  of  eosin  1  per  cent.  .        .        .        .35  c.c. 

Solution  of  methylene  blue  1  per  cent.  .  .  .3.5  c.c. 
Distilled  water       .......    100  c.c. 

Stain  for  twenty-four  hours,  dehydrate  in  sodium  alcohol  (absolute 
alcohol  30  c.c,  solution  of  soda  1  per  cent.  5  drops)  ;  wash  with 
acetic  water  ;  dehydrate  ;  mount  in  Canada  balsam.  The  Negri  bodies 
appear  as  red  points,  or  as  little  rings  with  a  clear  space  in  the  centre. 

Most  bacteriologists  agree  to-day  that  these  cellular  formations  are 
not  absolutely  specific  of  hydrophobia,  for  the  Negri  bodies  are  absent 
from  regions  of  the  brain  most  rich  in  rabic  virus,  and  are  present  in 
certain  subjects  who  have  succumbed  to  old  age  or  different  intoxica- 
tions— for  example,  arsenic.  They  seem  to  result  from  the  particular 
selective  actioJi  of  some  poisons  or  toxins  (among  others  that  of  rabic 
toxin)  on  the  cells  of  the  cornu  ammonis  or  those  of  Purkinje. 
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Pathogeny. — Deep  and  extensive  lacerations,  in  which  the  saliva 
of  the  biting  animal  has  widely  impregnated  the  nervous  elements, 
are  particularly  serious.  On  the  other  hand,  bites  through  garments 
are  generally  harmless.  But  an  excoriation  soiled  by  virulent  saliva 
is  sufficient  to  cause  infection. 

The  great  mortality  due  to  bites  in  the  face,  in  the  head  or  hands, 
has  long  been  noted.  It  is  due  to  the  fact  that  these  parts  are  exposed 
and  are  abundantly  supplied  with  nerves. 

Incubation  period. —  The  period  of  incubation  which  ensues 
between  the  actual  time  of  the  bite  and  the  appearance  of  the  first 
symptoms  of  hydrophobia  rarely  exceeds  sixty  days  in  man,  and  is 
hardly  ever  less  than  two  weeks. 

The  length  of  the  incubation  period  varies  with  the  qiiantity  of 
virus  inoculated  by  the  biting  animal,  with  the  place  of  inoculation, 
and  with  the  general  condition  of  the  subject;  pre-existing  alcoholism, 
nervous  defects,  or  any  influence  which  tends  to  lower  the  nervous 
system  being  aggravating  factors. 

Passage  of  virus  by  nerves — The  rabic  virus  is  not  carried 
by  the  circulation  of  lymph  or  blood,  but  during  the  period  of  incu- 
bation the  nerves  on  the  path  from  the  bite  to  the  nervous  centres 
are  infected.  It  is  through  them  and  in  their  corresponding  cells 
that  the  transmission  and  growth  of  the  infectious  agent  takes  place 
(Roux,  Nocard). 

Experimental  diagnosis. — The  diagnosis  of  hydrophobia 
can  only  be  certainly  established  by  the  experimental  method — that 
is,  by  demonstrating  the  virulence  of  the  nervous  centres  of  a 
patient  or  an  animal  dead  of  hydrophobia. 

This  test  is  to  be  made  by  inoculating  a  dog  or  rabbit,  by  the  intra- 
cerebral, intra-ocular,  or  intramuscular  route,  with  several  drops  of 
emulsion  newly  prepared  by  triturating  a  small  fragment  of  bulb  or 
brain  in  some  bouillon  or  physiological  salt  solution. 

The  most  certain  method  is  by  trephining  and  intracerebral 
inoculation  under  the  dura  mater.  Hydrophobia  then  appears  in  the 
inoculated  animal  after  from  seven  to  fifteen  days.  Bitten  persons 
should  be  subjected  to  the  antirabic  treatment  without  waiting  for 
this  definite  result. 

Prognosis  and  treatment. — The  prognosis  of  manifested 
hydrophobia  is  always  fatal.  There  is  no  disease  in  which  the  surgeon 
is  more  at  a  loss.  His  treatment  can  only  be  palliative.  It  consists 
in  placing  the  patient  in  a  warm  room,  avoiding  a  bright  light, 
draughts,  noises,  strong  smells,  and  anything  which  might  provoke 
rabic  spasms.  Hypodermic  injections  of  morphia  and  rectal  adminis- 
tration of  chloral  are  almost  the  only  measures  at  our  disposal.  They 
cannot  prevent  death,  but  may  make  its  advent  less  painful. 
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Preventive  treatment. — The  different  metliorls  of  preventive 
treatment  are  all  derived  from  those  initiated  by  Pasteur  in  1885  as 
the  result  of  his  studies  on  the  modification  of  the  rabic  virus  by  the 
combined  action  of  desiccation  and  heat. 

With  his  collaborators  Chamberland  and  Roux,  Pasteur  showed 
that  the  virus  became  attenuated  in  passing  through  the  organs  of  a 
monkey,  whilst  it  was  exalted  by  successively  passing  through  the 
system  of  rabbits  and  guinea-pigs. 

After  one  hundred  of  these  passages  the  incubation  becomes  fixed, 
and  lasts  only  from  six  to  seven  days  instead  of  thirteen  to  sixteen 
days  as  at  first.  If  passage  through  rabbits  be  continued,  the  virus 
preserves  indefinitely  the  same  activity. 

Suspension,  in  flasks  containing  air  dried  by  caustic  potash,  of 
fragments  of  the  spinal  cord  of  a  rabbit  which  has  succumbed  to  the 
inoculation  of  "  fixed  virus  "at  a  steady  temperature  of  23°  C. 
causes  a  gradual  decrease  of  virulence.  After  five  or  six  days  an 
emulsion  of  this  dried  cord  no  longer  transmits  hydrophobia  to  animals, 
even  by  inoculation  under  the  dura  mater. 

The  principle  of  the  method  of  immunization  discovered  by  Pasteur 
is  as  follows :  Successive  inoculations  of  persons  bitten  by  rabid 
animals  with  emulsions  of  the  desiccated  cord  of  rabid  rabbits,  com- 
mencing with  the  most  attenuated,  bestows  on  these  people,  during  the 
period  of  incubation  of  hydrophobia,  an  immunity  sufficiently  strong 
to  destroy  the  virus  deposited  in  the  wound  by  tlie  biting  animal 
before  it  reaches  the  central  nerves. 

Experimentally,  this  method  shows  perfect  efficacy.  Applied  to 
man  for  the  first  time  in  July,  1885,  it  has  since  given  such  excellent 
results  that  mortality  from  hydrophobia  in  all  countries  where  anti- 
rabic  institutes  exist  is  practically  nil. 

The  formula  of  normal  treatment  of  bitten  patients  consists  in 
inoculating  on  the  first  day,  under  the  skin  of  the  abdomen,  as  soon  as 
possible  after  the  bite,  3  c.c.  of  an  emulsion  made  with  2  to  5  mm.  of 
cords  desiccated  respectively  for  thirteen  and  fourteen  days.  Next  day 
the  same  quantity  of  emulsion  of  cords,  dried  for  eleven  and  twelve 
days,  is  inoculated,  followed  by  daily  injection  of  cords  of  increasing- 
virulence.  Finally,  two  or  three  inoculations  of  the  most  virulent 
cords  are  made.  In  general,  persons  bitten  in  the  limbs  receive 
eighteen  inoculations,  and  those  bitten  in  the  face  twenty-one  ;  some 
still  more  when  the  bites  are  particularly  serious. 

Favoxirable  conditions  for  this  treatment  can  be  found  only  in  an 
antirabic  institute — e.g.  the  Lister  Institute  in  London — because  fresh 
emulsions  of  virus  ought  always  to  be  employed.  Such  institutes  now 
exist  in  many  countries. 

The  classic  Pasteurian  method  above  described  has  been  modified 
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by  different  experimenters  with  a  view  to  making  it  simple.  Thus, 
Hogyes  employs,  in  place  of  dried  cord,  a  very  diluted  fixed  virus. 
He  injects  successively  emulsions  of  1  in  10,000  to  1  in  100  of  fresh 
fixed  virus.  The  results  are  quite  as  good.  This  method  is  also 
employed  at  Madrid  and  Sofia. 

Recently,  A.  Marie  has  introduced  into  practice  the  use  of  mixtures 
of  rabic  virus  and  serum  of  sheep  hypervaccinated  against  rabies. 
Tliis  process  consists  in  injecting  on  three  successive  days  under  the 
skin  of  the  abdomen  of  the  infected  patients  2  c.c.  of  emulsion  of 
fresh  fixed  rabic  virus  (1  in  10)  to  which  4  c.c.  of  antirabic  sheep 
serum  has  previously  been  added. 

After  the  sixth  day  the  patient  is  subjected  to  daily  injections  of 
dried  cord. 

While  the  antirabic  serum  alone  has  no  preventive  efficacy,  it  has 
been  shown  experimentally  that  the  injection  of  mixed  virus  and  serum 
(with  excess  of  virus)  confers  a  very  solid  immunity  against  hydro- 
phobia. Since  1904  this  technique  has  been  employed  with  absolute 
success  at  the  Pasteur  Institute  in  Paris  in  the  treatment  of  all  patients 
who  present  themselves  with  a  serious  bite,  but  the  majority  of  the 
patients  are  still  subjected  to  the  classic  Pasteurian  treatment. 

The  average  mortality  from  hydrophobia  was  formerly  about  15 
per  cent,  among  persons  bitten  in  the  limbs,  and  80  per  cent,  of  those 
bitten  in  the  face.  Since  the  Pasteurian  preventive  treatment  came 
into  use  it  has  progressively  decreased  to  less  than  0'23  per  cent. 

This  simple  comparison  of  figures  is  sufficiently  eloquent. 


ANTHRAX 


By  PHILIP  TURNER,  M.S.,  F.R.G.S. 

Etiology. — -Anthrax  is  a  disease  which  is  caused  by  inoculation 
with  a  specific  micro-organism,  the  Bacillus  anthracis.  The  disease 
is  essentially  one  which  attacks  animals,  especially  cattle,  goats, 
sheep,  horses,  and  mice,  while  carnivorous  animals  are  much  less 
susceptible.  Outbreaks  are  rare  in  this  country,  but  it  is  more  com- 
mon abroad,  especially  in  the  East.  When  it  occurs  in  man  it  is  the 
result  of  contact  with  the  living  or  dead  bodies  or  hides  of  infected 
animals. 

The  Bacillus  anthracis  is  a  rod-shaped,  non-motile  organism,  re- 
markable for  its  large  size  (about  totttt  iiich  in  length)  and  for  the 
readiness  with  which  it  may  be  identified.  When  growing  within 
tlie  tissues  of  a  living  animal  it  multiplies  by  fission,  and  no  spores 
are  formed.  If,  however,  blood,  or  any  discharge  from  an  infected 
animal  be  exposed  to  the  air,  small  round  spores  are  formed  within 
the  bacillus.  The  vitality  of  these  spores  is  remarkable,  and  under 
ordinary  conditions  they  may  survive  for  several  years,  remaining 
capable  of  development  and  of  j^roducing  the  disease  should  they 
reach  a  suitable  environment.  They  resist  the  action  of  many 
antiseptics  for  a  considerable  time,  but  are  destroyed  by  immer- 
sion in  boiling  water  for  from  fifteen  to  twenty  minutes.  (See  also 
pp.  59-63.) 

In  both  man  and  the  lower  animals  anthrax  may  commence  as  a 
cutaneous  lesion,  or  it  may  primarily  attack  the  respiratory  or  ali- 
mentary tracts.  In  the  former  situation,  in  man,  it  is  known  as  malig- 
nant pustule  or  charhon.  When  it  attacks  the  respiratory  tract  it  is 
known  as  woolsorter's  disease,  since  this  variety  commonly  occurs  as 
the  result  of  the  inhalation  of  infected  debris  by  those  whose  work 
leads  them  to  manipulate  the  wool  or  hair  of  infected  animals. 

Malignant  pustule  is  the  commoner  form,  and  is  of  the  greater 
interest  to  the  surgeon.  It  is  produced  by  direct  inoculation  of  an 
abrasion  of  the  skin  with  the  bacillus,  the  infective  material  being 
usually  imported  hides.  The  disease  generally  occurs  in  those  who  have 
to  handle  these  skins,  either  in  the  raw  condition,  or  during  or  after 
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the  process  of  preparation.  It  is  thus  especially  common  in  districts 
such  as  Eotherhithe  and  Berniondsey,  which  are  centres  of  the  leather 
trade.  Malignant  pustule  rarely  occurs  in  women.  In  a  series  of  100 
cases  admitted  into  Guy's  Hospital  during  the  past  fourteen  years, 
only  two  occurred  in  women,  while  there  were  three  instances  in 
children.  One  of  these  was  that  of  a  girl  of  11,  whose  mother  was 
employed  as  a  brushmaker ;  another,  a  boy  whose  father  was  a 
waterside  labourer ;  the  third,  a  boy  who  had  been  playing  in  a 
tan-yard  and  had  made  for  himself  a  moustache  of  goat-hair  which 
was  responsible  for  a  lesion  on  his  lip.  The  occupations  of  the 
remaining  95  patients  were  as  follows  :  Waterside  labourers  and 
porters  working  with  raw  hides  58,  tanners  and  leather  dressers  12, 
carmen  5,  brushmakers  4,  greengrocers  3,  plasterers  2,  horsehair- 
workers  2,  butchers  2,  milkman  1,  provision  merchant  1,  bookbinder  1, 
horsekeeper  1,  occupation  not  stated  3.  Two  of  the  patients  had 
previously  been  treated  for  a  malignant  pustule,  while  two  inde- 
pendent pustules  were  present  in  another. 

The  lesion  is  usually  situated  on  some  exposed  part  of  the  skin, 
generally  the  face  or  neck.  In  the  above  series  of  cases  the  pustule 
was  situated  on  the  face  in  48  patients,  on  the  neck  in  41,  the  forearm 
or  hand  in  8,  the  arm  in  2,  and  the  knee  in  1. 

Morbid  anatomy. — Post-mortem  appearances  vary  consider- 
ably. Usually  there  are  extensive  oedema  and  induration  around  the 
primary  lesion.  If  it  is  situated  in  the  neck  there  may.  be  oedema  of 
the  aryteno-epiglottidean  folds,  fauces,  and  pharynx,  as  well  as  of  the 
glottis. 

The  stomach  may  be  oedematous  and  show  extensive  hajmor- 
rhages  in  the  submucous  coat.  It  is  more  usual  to  find  a  number  of 
small  petechise  with  or  without  superficial  ulceration  of  the  overlying 
mucous  membrane.  Similar  lesions  occur  in  the  intestine,  more  com- 
monly in  the  jejunum,  though  sometimes  in  the  ileum  or  colon.  Small 
superficial  ulcers,  about  J  inch  in  diameter,  with  a  grey  or  black 
centre  surrounded  by  a  ring  of  hyperjemia,  may  also  be  foimd. 

The  lungs  are  oedematous  and  congested,  and  may  show  haemor- 
rhages either  into  their  substance  or  beneath  the  pleura.  The  meninges 
are  congested,  and  there  are  frequently  extensive  haemorrhages  in 
the  subarachnoid  space.  Small  haemorrhages  into  the  brain  sub- 
stance may  also  be  present.  In  a  case  in  which  right-sided  convul- 
sions occurred  there  was  a  haemorrhage  in  the  left  corpus  striatum. 
Nephritis  may  be  found  in  patients  who  have  had  albuminuria. 
Effusions  of  fluid,  clear  or  blood-stained,  may  be  met  with  in  the 
pleura,  pericardium,  or  peritoneum.  These  contain  the  anthrax 
bacillus,  which  is  also  found  in  the  various  haemorrhagic  lesions, 
and  indeed  in  any  organ  or  tissue  of  the  body. 
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Signs  and  symptoms. — The  patient  usually  first  notices  what 
he  considers  to  be  a  pimple,  or  sometimes  the  bite  of  an  insect ;  he 
generally  suffers  considerable  local  irritation,  and  scratches  the 
afiected  part.    Redness,  swelling,  and  pain  increase,  so  that  advice 


Fig.  240. — Case  of  malignant  pustule. 


is  usually  sought  by  the  third  day.  By  this  time  the  lesion  has  prob- 
ably the  following  characters,  which  are  typical  of  the  fully-developed 
anthrax  pustule  (Fig.  24(»).  In  size  it  measures  from  J  inch  to  1  inch 
or  more  in  diameter.  In  the  centre  is  a  dry,  black  slough,  the  colour 
being  due  to  extravasated  blood.    Surrounding   this  is  a  ring  of 
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vesicles  containing  a  clear  or  semipurulent  fluid.  Around  the  vesicle 
is  a  red,  indurated  area,  beyond  which  there  is  oedema  of  the  skin  and 
the  cellular  tissues.  In  some  cases,  however,  the  black  slough  or 
vesicles  may  be  absent,  and  in  early  cases  the  redness  and  oedema 
may  be  slight.  Occasionally  there  is  no  definite  pustule,  but  a  large 
brawny  area  with  much  oedema,  simulating  an  ordinary  cellulitis. 
When  this  condition,  known  as  "anthrax  oedema,"'  occurs  in  the  neck, 
there  is  a  serious  danger  that  it  may  extend  to  the  mediastinum, 
or  to  the  larjTix,  where  it  is  likely  to  cause  oedema  of  the  glottis, 
probably  requiring  a  tracheotomy.  Constitutional  symptoms  vary  in 
severity,  but  headache  and  dizziness  are  usually  present,  and  occasion- 
ally vomiting  and  shivering.  The  temperature  is  only  slightly  raised 
as  a  rule,  but  may  reach  103°  F.  The  lymphatic  glands  which  drain 
the  affected  area  enlarge,  but,  even  when  very  large  and  tender,  do 
not  suppurate. 

In  fatal  cases  the  bacillus  becomes  widely  diffused  throughout 
the  body,  producing  a  form  of  septicfemia  known  as  anthracsemia. 
In  these  cases  the  local  swelling  and  glandular  enlargement  are 
usually  marked,  and  the  general  symptoms  are  more  severe.  The 
pulse  becomes  weak  and  rapid,  and  the  temperature  usually  rises, 
occasionally  as  high  as  105°  F.  Vomiting  is  frequently  noticed, 
and  occasionally  there  may  be  diarrhoea.  Breathing  becomes  rapid 
and  shallow,  the  patient  grows  restless  and  delirious,  and  there 
may  be  other  signs  that  the  nervous  system  is  involved.  Thus,  a 
patient  under  Davies-Colley  in  Guy's  Hospital  had  right-sided  con- 
vulsions, a  divergent  squint,  and  Cheyne-Stokes  respiration  ;  wliile 
a  patient  of  Durham's  had  tenderness  over  the  dorsal  spinous  j^ro- 
cesses,  a  sensation  of  "  pins  and  needles  "  in  the  limbs,  paresis  of  the 
legs,  and  dyspnoea  owing  to  paresis  of  the  diaphragm  and  inter- 
costal muscles.  These  patients  usually  die  in  a  state  of  coma  about 
a  week  after  the  onset ;  or  death  may  result  from  cardiac  failitte. 

Diagnosis. — When  the  pustule  has  the  characteristic  appear- 
ance, and  is  associated  with  enlargement  of  the  neighbouring  lym- 
phatic glands,  the  diagnosis  is  usually  easy.  The  occupation  of  the 
patient  helps  considerably.  Any  unusual  septic  lesion  in  a  patient 
working  among  skins  or  hides  should  arouse  a  suspicion  that  it  may  be 
anthrax.  Cases  of  anthrax  oedema  may  be  mistaken  for  cellulitis, 
or  a  pustule  may  be  regarded  as  a  boil,  an  acne  spot,  or  a  cutaneous 
septic  lesion. 

Fortunately,  microscopic  examination  of  the  fluid  from  the  vesicles, 
or  of  blood  from  the  centre  of  the  lesion,  after  staining  by  Gram's 
method  (in  which  the  colour  is  retained),  or  with  methylene  blue,  will 
readily  demonstrate  the  characteristic  rod-shaped  organisms  and  lead 
to  recognition  of  the  disease. 
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Prognosis. — Tlie  prognosis,  when  tha  pustule  is  seen  early,  is 
distinctly  good.  In  the  above  series  of  100  cases  the  mortality  was 
only  9  per  cent.  Even  when  there  is  extensive  oedema,  with  throm- 
bosis of  the  subcutaneous  veins,  and  severe  constitutional  symptoms 
are  present,  a  considerable  proportion  of  patients  recover  under 
energetic  treatment. 

Treatment. — As  soon  as  the  condition  is  diagnosed  an  antes- 
thetic  should  be  administered  and  the  pustule  freely  excised,  the 
incision  extending  downwards  to  the  deep  fascia.  The  raw  surface 
should  be  treated  either  with  pure  carbolic  acid,  sulphur  emulsion,  or 
the  actual  cautery.  The  womid  is  left  to  granulate,  and  when  its 
appearance  is  healthy  it  may  be  skin-grafted.  If  there  is  much  oedema 
a  1-20  carbolic  lotion  may  be  injected  around  the  excised  area.  Davies- 
CoUey  found  that  ipecacuanha  had  a  marked  action  in  retarding  the 
growth  of  the  bacilli,  and  he  accordingly  suggested  that  the  wounds 
should  be  dressed  with  powdered  ipecacuanha,  and  that  the  de-emetized 
drug  should  be  administered  internally — a  method  which  gave  excel- 
lent resrdts. 

Recently,  anthrax  has  been  treated  with  anti-anthrax  serum. 
This  method  has  given  very  good  results,  and  it  should  be  used  in  all 
cases  in  which  extensive  oedema,  mucli  constitutional  disturbance, 
or  anthraca3mia  is  present.  When  it  is  used  alone  the  pustules  have 
in  some  cases  healed  without  any  surgical  treatment.  The  results 
obtained  by  surgical  measures  are,  however,  so  good  that  at  present 
the  serum  treatment  should  be  used  in  conjunction  witli  excision 
of  the  pustule. 
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SURGICAL  DISEASES  CAUSED  BY  ANIMAL 
PARASITES— SNAKE-BITES,  ETC. 

By  frank  cole  MADDEN,  M.D.,  F.R.C.S. 

BILHARZIOSIS 

The  parasite. — The  Schistosomum  hatmatohiiim  (Billiarz,  1851) 
is  a  paired  trematode  worm,  the  long,  slender  female  lying,  during 
sexual  activity,  in  a  ventral  groove,  the  gyneecophoric  canal,  of  the 
male,  wliich  is  1  cm.  long,  shorter  and  more  tapering  than  the  female. 
The  youngest  worms,  then  very  small  and  usually  separate,  are  found 
in  the  radicles  of  the  portal  vein.  Erom  the  portal  vein  itself,  where 
they  are  generally  seen  coupled,  the  parasites  reach  the  mesenteric 
veins,  where  they  become  sexually  mature,  and  finally  settle  in  the 
veins  of  the  rectum,  bladder,  and  other  viscera  in  venous  connexion 
with  these  organs.  They  not  infrequently  pass  over  into  the  systemic 
circulation,  and  may  become  impacted  in  the  lungs,  subcutaneous 
tissue,  or  other  parts  of  the  body. 

The  ova  (Fig.  241)  are  blunt  spindles  (0'16  mm.  long)  encased  in 
yellowish  shells  bearing  a  terminal  or  a  lateral  spine,  and,  when  impreg- 
nated, containing  an  unsegmented  egg-cell  and  several  yolk-cells. 
Some  immature,  unimpregnated,  and  then  usually  lateral-spined  ova 
may  be  deposited  in  the  liver,  but  most  are  laid  in  the  rectal  and  vesi- 
cal sabmucosa,  which  may  become  packed  with  ova,  developing  and 
ever  endeavouring  to  escape  into  the  urine  or  fajces.  If  the  liberated 
ovum  reaches  water,  it  bursts  and  frees  a  miracidium,  wluch  rapidly 
hatches,  becomes  ciliated  and  actively  swimming,  and  attacks  a  fresh 
host  by  penetrating  any  skin  exposed  to  the  infected  water. 

Pathological  effects. — In  the  circulation  the  worms  do  not 
appear  to  produce  any  pathological  effects  ;  but  in  the  tissues  they  and 
their  ova  provoke  a  marked  irritative-protective  reaction,  leading 
to  proliferation  of  epithelium  and  infiltration  of  the  deeper  tissues 
with  round  cells,  and  later  to  development  of  a  fibro-cellular  tissue 
whose  structure  varies  with  the  particular  organ  or  tissue  affected. 
Sepsis  may  intervene  as  the  epithelial  surfaces  become  abraded, 
especially  in  cases  of  repeated  re-infections. 
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The  first  naked-eye  appearance  may  be  groups  of  minute  velvety 
liypersemic  nodules  on  tlie  mucous  membrane,  wliicli  coalesce  and 
form  small  friable  elevations,  sometimes  topped  with  minute  vesicles. 
Later,  these  increase  in  size  and  complexity,  and  form  either  papil- 
lomas or  raised  plateaux. 

The  infiltration  and  swelling  tends  to  spread  throughout  the  whole 
thickness  of  the  visceral  wall,  and  may  extend  over  the  entire  surface 
of  the  vesical  mucous  membrane.  Scattered  throughout  the  infected 
area  are  yellowish-brown  granules,  like  wet  sea-sand,  of  calcified  ova  ; 


Fig.  241. — Bilharzia  ovum,  with  calcified  contents,  in  the  urine. 
The  shell  and  its  end  spine  are  particularly  well  seen. 

(From  a  photo-miL  tvgyaph  in  the  I'hot.-'gya/thic  Album  of  tho  School  of  Mclicino,  Cairo. 

and,  later,  when  the  mucous  membrane  has  been  largely  destroyed 
and  replaced  by  fibrous  tissue,  hard,  dry  sandy  areas  are  formed. 
Ulceration  may  result  from  the  pressure  of  the  enormous  number  of 
ova  wliich  lie  in  and  beneath  the  epithelium,  or  from  separation  of  the 
papillomas  by  disintegration  of  their  bases  ;  in  the  bladder  and  rectum 
it  may  deepen,  and  originate  fistulse.  Associated  with  all  or  any  of 
the  above  lesions  there  may  be  a  difiuse  fibro-cellular  infiltration,  not 
only  in  all  the  coats  of  the  viscus,  but  also  in  the  connective  tissue 
between  its  peritoneal  or  fascial  attachments.  On  skin  surfaces  (vulva) 
papillomas  may  also  form,  and  these,  though  firmer  than  those  found 
on  mucous  surfaces,  still  have  a  peculiar  friable  surface  ;  in  subcuta- 
neous tissues  the  deposit  of  worms  and  ova  leads  to  ulceration,  with 
or  without  preliminary  abscess  formation.    Epithelioma  may  develop 
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on  bilharzial  ulcerations,  especially  of  the  glans  penis  and  the  anus, 
and  a  form  of  scirrhus  cancer,  with  groups  of  ova  between  the  epithe- 
lial masses,  is  only  too  common  in  the  bladder.  Secondary  deposits 
are  sometimes  found  in  the  heart  muscle. 

On  microscopic  examination  the  mucous  membrane  is  soft,  swollen, 
and  densely  packed  with  round  cells  and  ova  ;  the  latter  are  especially 
tlaick  just  under  the  covering  epithelium,  and,  constantly  escaping,  are 
readily  recognized  in  the  excretions.  The  coupled  worms  lie  in  the 
vessels  of  the  submucous  tissue  and  deeper  tissues,  which  also  show 
fibro-cellular  infiltration  in  varying  degrees  of  hardness  and  develop- 
ment. Sometimes,  scirrhus  masses  appear  in  the  walls  of  the  viscus 
and  may  extend  widely  beyond  it. 

BILHARZIOSIS  OF  THE  URINARY  SYSTEM 

Bladder  and  kidney. — The  earliest  urinary  symptoms  are 
generally  referred  to  the  bladder,  and  consist  in  a  slight  hsematuria,  first 
appearing  with  the  last  few  drops  of  urine,  and  accompanied,  sooner 
or  later,  by  irritation  at  the  neck  of  the  bladder  and  along  the  urethra. 
"  Irritability  of  the  bladder  "  gradually  becomes  more  marked  till  it 
merges  with  the  other  symptoms  of  chronic  cystitis.  There  is,  however, 
now  an  almost  constant  hsematuria.  Ova  may  be  found  in  the  urine 
for  some  time  before  symptoms  appear,  and  their  presence  remains 
the  one  confirmative  diagnostic  feature  throughout.  Many  of  the  ova 
are  calcified,  but  others  are  clearer  and  show  miracidia  under  the 
higher  powers  of  the  microscope. 

As  the  disease  progresses,  the  symptoms  increase  in  severity,  and 
when  once  sepsis  is  added  the  destructive  changes  throughout  the 
whole  urinary  system  advance  apace.  The  urine  becomes  alkaline, 
phosphates  form  on  abraded  surfaces  and  become  nuclei  for  phosphatic 
stones,  and  obstruction  or  even  retention  of  urine  from  bilharzial 
masses,  stones,  or  blood  clot  may  occur.  Blocking  of  the  ureteric 
orifices  or  actual  disease  in  the  ureters  themselves  may  lead  to  dilated 
septic  ureters  and  hydronephrosis,  soon  going  on  to  pyonephrosis  ; 
or  pyelitis,  septic  nephritis,  perinephritis,  septic  retroperitoneal  cel- 
lulitis, and  general  septic  infection  may  usher  in  the  end. 

In  some  cases  the  cavity  of  the  bladder  may  be  almost  entirely 
filled  with  a  soft  cheesy  bilharzial  tissue  ;  in  others  it  may  be  very 
much  diminished  in  size,  by  contraction  of  the  fibrous  infiltration  of 
the  walls  or  by  encroachment  of  fibrous  or  scirrhus  masses  (Fig.  242). 
This  new  tissue  extends  well  beyond  the  limits  of  the  bladder  into 
the  cormective  tissue  and  muscles  in  all  directions,  and  is  of  stony 
hardness.  The  prostate  and  vesiculfe  seminales  do  not  escape  even 
in  the  earliest  cases,  and  thickening  of  the  bladder  walls  is  a  feature 
from  the  very  beginning  of  the  disease. 
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The  diagnosis  of  billiarziosis  must  be  suspected  in  every  case  of 
irritable  bladder  and  haematuria  in  a  bilharzia-infected  country,  and 
is  confirmed  by  microscopical  examination  of  the  urine.  The  cysto- 
scope  may  reveal  the  earlier  manifestations  or  show  small  papillomas 
occluding  the  orifices  of  the  ureters  ;  but  as  the  surface  of  the  mucous 
membrane  becomes  abraded  the  difficulty  of  securing  a  clear  medium, 
owing  to  the  constant  drip  of  blood  and  the  presence  of  debris,  makes 
it  necessary  to  depend  upon  other  diagnostic  methods.  Thus,  with 
the  sound  a  roughened  bladder-wall,  masses  of  raised  plateaux  or  papil- 


Fig.  242. — Extreme  case  of  bilharziosis  of  the  bladder  with 
formation  of  much  dense  scirrhus-like  tissue.  The  cavity 
of  the  bladder  is  almost  non-existent. 

i^FroTil  a  s/>t\  iiNt  n,  prt'pai'Cii  hv  P ro/t'ssoy  Syuniit-is,  In   the  J'af/inlo'^-ital  Musi  uln 
of  the  School  of  Mt  'diciiu-,  Cairo.) 

lomas,  ridges  on  the  posterior  wall,  stones,  concretions,  or  sandy  patches 
can  all  be  felt,  and  the  size  of  the  bladder  and  tlie  condition  of  the 
viscus  and  its  surroundings  may  also  be  ascertained.  The  urine  varies 
considerably.  It  contains  ova  throughout ;  in  the  earlier  stages  it 
may  remain  acid  and  otherwise  normal  except  for  the  presence  of  ova 
and  of  traces  of  blood  ;  later  it  is  alkaline  and  full  of  pus,  blood, 
phosphates,  debris,  and  ova. 

Treatment. — The  intravascular  parasites  are  inaccessible  ;  thus, 
treatment  is  directed  to  palliating  the  effects  of  the  lesions,  encouraging 
elimination  of  the  ova,  and  preventing  re-infection.  If  possible,  there- 
fore, the  patient  should  be  placed  beyond  reach  of  fresh  infection, 


r — 
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and  put  on  the  strict  regime  appropriate  to  cystitis  generally.  Male 
fern,  bucliu  and  hyoscyamus,  urotropin,  salol,  acid  phosphate  of  soda, 
and  the  benzoates  may  be  mentioned  among  the  various  drugs  in  use, 
while  large  quantities  of  Vichy  (Celestins)  or  Contrexeville  waters, 
barley-water,  and  plain  water  must  be  administered  and  strict  directions 
given  as  to  diet.  Complications,  such  as  stone,  haemorrhage,  hydro- 
nephrosis, pyonephrosis,  etc.,  must  be  treated  as  occasion  demands  ; 
but  the  prognosis  is  invariably  bad  in  any  but  the  very  earliest  cases  ; 
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Fig.  243. — Bilharziosis  of  the  penis  and  scrotum  in  a  young  boy.  The 
glans  penis  and  the  prepuce,  indeed  the  whole  penis,  is  in  a  con- 
dition of  false  elephantiasis,  and  riddled  with  sinuses,  as  is  also 
the  scrotum.  The  sinuses  are  really  fistulae  in  connexion  with 
extensive  bilharziosis  of  the  urethra.  Old  bilharzial  sinuses  are 
also  seen  in  the  left  iliac  region. 

(Photograph  of  a  case  in  the  author  s  uards  in  Kasr-cl-Ainy  Hos/ital,  Cairo.) 

it  is  especially  bad  if  operative  measures  are  required.  Perineal  drain- 
age of  the  bladder  has  often  to  be  performed  to  afford  temporary  rehef, 
but  the  necessity  for  the  operation  marks  the  beginning  of  the  end. 

Complete  exile  from  Egypt  or  other  infected  countries,  with  regular 
treatment,  may  lead  to  complete  cure  when  the  disease  is  met  with  at 
a  comparatively  early  stage. 

Concurrently  with  the  bladder  and  kidney  infection,  or  sometimes 
as  the  main  feature  of  the  disease — which,  wherever  it  manifests 
itself,  must  always  be  regarded  as  a  general  infection — the  urethra 
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may  be  involved.  Infiltration  of  mucous  membrane,  followed  by 
ulceration,  with  de&truction  of  portions  of  the  urethra  and  the  form- 
ation of  fistula?,  is  the  usual  result.  The  fistula;  arise  mainly  fi'om  tlie 
membranous  portion  of  the  urethra,  and  often  leave  the  canal  later- 
ally or  even  above,  and  run  between  the  corpus  spongiosum  and  the 
corpus  cavernosum  of  one  side,  to  reach  the  surface  of  the  perineum, 
buttocks,  pubes,  or  abdomen.  In  both  single  and  nuiltiple  fistula? 
there  is  much  surrounding 
fibrous  tissue  and  often  a  hard 
oedema — false  elephantiasis — 
throughout  the  scrotum,  peri- 
neal tissues,  or  penis  (Fig. 
243).  The  penile  urethra,  when 
attacked,  sometimes  presents 
extraordinary  deformities  pro- 
duced by  fistulfe  and  oedema, 
and  may  exude  a  thick,  blood- 
stained purulent  discharge  from 
tlie  meatus.  In  extreme  cases 
the  whole  length  of  the  erectile 
tissue  may  be  solid  with  indu- 
ration, and  a  permanent  fixed 
erection  follow.  The  resultant 
painful  and  difficult  micturi- 
tion, if  combined  with  destruc- 
tive processes  in  the  bladder, 
causes  intense  sufi'ering. 

Treatment. —  Urethral 
fistula?  nuTst  be  treated  radi- 
cally on  the  usual  principles, 
and  all  the  infiltrated   tissue       Fig.  244. — Bjlharzial  papillomas  in 
removed  right  up  to  the  ure-  the  large  intestine. 

thra.       The    masses     of     "  ele-         l-roui  a  s/>c(wu-n  prepared  hy  r.-./cssn,-  Sy,,n,,cr.i, 

111  the  I'ntholixical  Mu^ruiit  ,y  //;,•  .Seliort  of 

phantiatic "   tissue   must   be         .'sfcdicinc,  Cairo.\ 
removed  by  complete  decorti- 
cation of  the   penis  down   to  the  erectile  tissue,  and  subsequent 
grafting.    Lymphangioplasty  may  also  be  tried  in  suitable  cases. 

Ulceration  of  the  glans  penis  may  complicate  the  condition,  and 
even  end  in  epithelioma. 

BILHARZIOSIS  OF  THE  INTESTINE 

Billiarzial  lesions  have  been  described  from  the  stomach  to  the 
anus  (Fig.  244).  A  diffuse  papillomatous  sowing  may  occur  througliout 
the  mucous  membrane,  anywhere  from  the  ileum  to  the  anus,  with 
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much  general  infiltration.  In  the  colon  particularly  the  papillomas 
may  separate  off  at  their  base  and  form  ulcers  not  unlike  those  of 
dysentery  (Fig.  245).  Localized  bilharziosis  may  also  occur  in  the 
large  intestine,  especially  in  the  sigmoid,  with  enormous  thickening 
of  all  the  coats  of  the  gut,  a  luxuriant  papillomatous  growth  almost 
occluding  its  lumen,  and  a  firm  fibro-cellular  induration  in  the  meso- 
colon. Hard,  movable 
swellings  are  produced 
with  the  usual  intestinal 
symptoms. 

The  symptoms  of 
intestinal  bilharziosis 
are  those  of  gastro- 
enteritis, and,  later,  of 
irregular  dysenteric 
diarrhoea  with  the  pass- 
age of  large  masses  of 
mucus  and  blood.  The 
amount  of  blood,  and 
its  admixture  with  mu- 
cus, vary  considerably. 
Bilharzia  ova,  with  ter- 
minal spines,  are  found 
in  the  faeces. 

Treatment  is 
symptomatic,  and  in 
the  main  follows  that 
usually  adopted  for 
dysentery.  For  the 
localized  masses  ex- 
ploratory laparotomy 
is  indicated,  with  inci- 
sion into  the  gut  at  the 
site  of  the  swelling ; 
the  gut  and  the  abdo- 
minal wounds  are  then 
sutured.  Great  relief  of  symptoms,  with  disappearance  of  the  tumour, 
generally  follows. 

In  the  rectum  the  principal  features  of  the  disease  are  multiple 
papillomas,  often  in  large  masses,  with  or  without  protrusion  (Fig. 
246)  ;  infiltration  and  softening  of  mucous  membrane,  with  or  without 
prolapse  ;  ulcerations,  old  or  recent ;  fistulse  ruxming  into  the  ischio- 
rectal fossa  or  out  on  to  the  buttocks  or  sacral  region  ;  and,  at  the  anus, 
hard  fibrous  encircling  masses  tunnelled  with  epithelium-lined  tracks. 


Fig.  245. — Ulceration  of  the  large  intestine, 
resulting  from  the  sloughing  off  of  bilhar- 
zial  papillomas  ("bilharzial  dysentery"). 

{_Froj7t  a  sj>ecijnen,  prepared  by  Professor  Syimners,  in  the 
Pathological  Museunt  of  the  School  of  Medicine^  Cairo,') 


BILHARZIOSIS 


905 


Prominent  masses  may  be  ligatured  off,  the  sphincter  being- 
stretched  if  necessary  ;  nlcerated  surfaces  may  be  cauterized,  or  various 
astringents  applied  ;  while  the  fibrous  masses  may  be  completely 
removed  with  the  lower  end  of  the  rectum. 

Rarely,  a  diffuse  papillomatous  condition  is  found  in  the  perineum 
and  around  the  anus.  Sometimes  epithelioma  may  develop  on  an  old 
ulceration  at  the  anus. 

BILHARZIOSIS  IN  OTHER  PARTS 

In  the  female  generative  organs,  papillomas  may  occur  at  the 
vulva  ;    or  there  may   be  infiltration   of  the   mucous  membrane 


Fig.  246. — Two  enormous  masses  of  bilharzial  papillomas  pro- 
truding from  the  anus  of  a  boy  of  12.  They  were  removed 
with  considerable  temporary  relief. 

(Pliotogra/'/i  ,1/  a  (-,ivt'  ///  tJic  autlior's  iva>;/.s  in  K asr-cl- Ai iiy  Hospital,  Cairo.) 

papillomas  and  ulceration  at  the  vaginal  outlet,  or  in  the  vagina  ; 
papillomas  on  the  cervix  uteri ;  or  fibrous  bilharzial  masses  in  the 
broad  ligament  and  ovary. 

A  bilharzial  haemoptysis  is  sometimes  seen.  Deposits  appear  in 
subcutaneous  tissues,  and  may  not  infrequently  be  completely  ex- 
cised, as  in  the  penis  and  perineum,  or  subsequently  scraped  and 
cauterized  when  ulceration  has  supervened.  A  bilharzial  cirrhosis 
of  the  liver  is  occasionally  met  with,  and  nodules  on  the  surface  of 
the  spleen  and  on  the  parietal  peritoneum.  Ova  may  also  be  found 
in  enlarged  mesenteric  glands. 
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LESIONS  PRODUCED  BY  THE  GUINEA=WORM 

The  parasite. — Tlie  female  worm  (Dracunculus  medinensis)  is 
cylimlrical  in  shape,  yellowish-white  in  colour,  and  varies  in  length 
from  500  to  800  mm.  or  even  more.  Anteriorly  is  a  triangular  mouth 
opening  surrounded  by  prominent  papillae,  while  the  posterior  end 
is  recurved  on  itself  to  form  a  sting  or  hook.  The  uterus  extends 
throughout  the  whole  length  of  the  worm,  its  excretory  duct  opening- 
into  the  oesophagus,  from  which  the  embryos  are  discharged.  The 
male  worm  (Leiper)  is  only  22  mm.  long ;  it  has  been  found  in  the 
muscles  of  an  infected  monkey.  The  distribution  of  the  worm  is 
limited  to  certain  tropical  countries,  and  then  only  within  circum- 
scribed limits,  and  confined  to  certain  sections  of  the  population. 

Symptoms  of  infection. — The  first  sign  may  be  a  feeling  of 
weight  or  a  dull  pain  at  one  spot,  and  here  a  portion  of  the  worm  may 
be  felt  as  a  hard  cord  under  the  skin.  More  generally,  a  round, 
irritating  lump  is  found  in  the  subcutaneous  tissues,  over  which  a 
blister  forms  on  the  skin  with  much  surrounding  inflammation  and 
induration.  The  vesicle  becomes  a  pustule  and  bursts,  leaving  an 
ulcer  I  in.  to  f  in.  in  diameter,  in  the  centre  of  which  is  a  tiny  opening, 
sometimes  plugged  by  the  head  of  the  worm.  The  ulcer  discharges 
pus  and  embryos.  In  85  per  cent,  of  cases  it  is  found  just  above  the 
ankle,  and  less  commonly  on  the  wrist  or  back ;  rarely,  it  may  be 
on  any  other  part  of  the  skin  surface,  and  even  under  the  conjunctiva, 
or  in  the  knee-joint.  There  is  usually  only  a  single  worm  and  a  single 
ulcer,  but  there  may  be  several  ulcers,  especially  on  the  backs  of  water- 
carriers,  or  several  worms  may  emerge  from  one  large  ulcer.  General 
symptoms  are  usually  insignificant,  but  may  be  very  severe,  with  fever, 
oedema  of  hands  and  feet,  rigors,  vomiting,  and  delirium.  Balfour  and 
Powell  have  noted  an  eosinophilia  varying  from  6  to  36  per  cent.,  and 
averaging  13'6  per  cent.  If  cold  water  be  squeezed  on  to  the  skin  near 
the  ulcer,  a  drop  of  wliitish  fluid  jets  out  of  the  central  hole  ;  or  "  a 
beautifully  pellucid  tube,  yV  in.  in  diameter,  is  protruded  from  the 
opening.  When  this  has  been  extruded  an  inch  or  thereabouts,  it 
suddenly  fills  with  an  opaque  whitish  material,  ruptures  and  collapses, 
the  fluid  spreading  over  the  surface  of  the  ulcer  "  (Manson).  "  This 
tube  is  the  posterior  dilated  and  thick- walled  portion  of  the  oesophagus, 
wliich  becomes  extruded  through  the  mouth  and  is  filled  with  embryos  " 
(Looss).  The  ejection  of  embryos  may  occur  almost  every  hour  for 
several  days  until  the  uterus  is  quite  empty. 

Treatment. — Douching  with  cold  water  allays  irritation  and 
hastens  ejection  of  the  embryos  and  expulsion  of  the  worm  ;  as  the 
latter  protrudes  it  is  caught  in  a  cleft  stick,  or  tied  to  it,  and  slowly 
rolled  out  (Fig.  247),  extra  turns  being  taken  several  times  during  the 
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da  J' ;  this  may  be  alternated  with  weak  antiseptic  compresses  during 
part  of  each  day.  Extraction  of  tlie  whole  worm  may  sometimes  be 
effected  in  three  or  four  days,  but  may  take  much  longer.  Some 
surgeons  (Brakenridge)  rely  upon  regular  douching  alone,  leaving  the 
worm  to  come  out  of  itself,  which  it  usually  does  in  about  fourteen 
days.  Others  adopt  the  less  advisable  plan  of  injecting  the  worm  and 
its  surroundings  with  perchloride  of  mercury  (1-1,000). 

Gentleness  is  essential  to  prevent  breaking  of  the  worm,  which  may 
set  up  severe  septic  cellulitis,  going  on 
even  to  gangrene.    After  the  extraction 
the   long   sinus  usually  heals  without 
difficulty. 

Prophylaxis  is  based  on  the  fact 
that  the  embryos  must  reach  water  for 
their  development.  They  can  live  in 
clean  water  for  six  days,  and  in  muddy 
water  and  moist  earth  for  three  weeks, 

but  for  metamorphosis  into  worms  they  ^  . 

^  ,        J.,        ^    n  1     •       F>g-  247.— Gumea- worm 

must  spend  from  three  to  five  weeks  m  ^eing  extracted  from  foot, 
a  small  crustacean,  Cyclops  quadricorn  is  ;    (/•,,„„  .t  ••/■,-„/,/,,,/ /)«<  „,„■.>.  ) 

this  is  then  ingested  by  man  or  other 

animal,  and  the  young  worms  are  set  free.  In  almost  exactly  a  year's 
time  the  female  worm,  having  made  her  way  slong  the  intramuscular 
planes,  presents  herself  under  the  skin.  The  ulceis  are  usually  placed 
on  a  part  of  the  host's  body  most  frequently  exjDosed  to  the  water,  so 
necessary  for  the  development  of  the  embryo  ;  thus  in  water-carriers 
the  back,  in  other  patients  the  legs  and  arms,  are  most  often  affected. 
Prophylaxis  then  consists  in  preventing  fouling  of  the  drinking-water 
by  the  discharge  of  embryos  into  it,  and  insisting  on  its  being  boiled 
and  filtered.  Dogs,  jackals,  bullocks,  and  horses,  among  other  animals, 
also  suffer  from  infection,  and  must  be  just  as  carefully  excluded  from 
the  water  supply,  which  should,  whenever  possible,  be  taken  from  a 
running  stream. 

FILARIASIS 

The  parasite  is  the  Filaria  Bancrofti  (Fig.  248),  a  long,  hair-like, 
transparent  nematode  worm,  3  in.  to  4  in.  long,  the  female  being  the 
larger  and  longer,  and  occupied  in  almost  the  whole  length  by  two 
uterine  tubes  filled  with  ova  in  various  stages  of  development.  The 
anterior  end  of  both  sexes  is  slightly  tapered  and  club-shaped,  wliile 
the  tail  tapers  to  an  abruptly  rounded-off  tip.  The  tail  of  the  male, 
moreover,  is  sharply  incurved  and  curled.  Male  and  female  worms 
may  be  coiled  together  in  balls,  and  are  thus  found  in  cyst-like  dila- 
tations of  the  distal  lymphatics  ;   or  they  may  lie  more  loosely  in 
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lymphatic  varices,  in  the  larger  lymphatic  trunks  between  the  glands, 
in  the  glands  themselves,  and  in  the  thoracic  duct.  All  the  patho- 
logical conditions  included  in  the  term  "  filariasis  "  are  due  to  the 
presence  of  these  worms  in  the  course  of  the  lymphatic  system. 
The  embryos  are  non-pathogenetic,  but  they  are  of  distinct  import- 
ance as  affording  evidence  of  the  hidden  presence  of  the  parental 
forms  in  the  body. 

The  embryos,  known  as  F.  noctuma,  are  long,  slender,  cylindrical 
worms,  one  end  abruptly  rounded  off  and  the  other  finely  taper- 
ing, 0-017  mm.  (^V  in-) 

in  length,  with  a  diameter  about  equal  to 
that  of  a  red  blood-corpuscle  ;  each  is  contained  in  a  very  delicate 
sheath,  within  which  it  moves  backwards  and  forwards.  To  demon- 
strate the  presence  of  F.  noctuma  in  the  blood,  films  may  be  examined 
fresh,  or  after  staining  with  a  weak  solution  of  fuchsin  (3  or  4  drops 
of  a  saturated  alcoholic  solution  in  1  oz.  of  water),  or  by  special 
methods  with  methylene  blue  or  logwood,  the  examination  being 

made  without  a 

Ji         /""N^   ^\  /f^         /"^vir^    cover-glass.  In 

\         Ti  /""^  C  ^^^'-^    fresh  specimens 

Fig.  248. — Attitudes  of  Filaria  nocturna.  cells,  and  after 

(In-otn  Ptlamoiis  '  Tropical  Diseases.")  they  haVC 

quietened  down 

they  can  be  readily  distinguished.  Many  films  may  have  to  be 
examined  before  any  embryos  are  found.  The  examination  must  be 
carried  out  late  in  the  evening  ;  the  filarise  seem  to  enter  the  peripheral 
circulation  about  5  p.m.,  and  increase  in  numbers  till  midnight,  after 
which  they  gradually  decrease  until  about  8  or  9  a.m.  the  following 
day,  when  none  are  to  be  found.  Manson  suggests  that  they  thus 
wander  out  in  the  hope  of  being  taken  up  by  the  mosquito,  whose 
habits  are  also  largely  nocturnal,  and  into  wliich  they  must  enter  to 
pass  through  the  further  stages  of  their  life-history.  If,  however,  the 
patient  alters  his  habits,  and  sleeps  during  the  day,  the  embryos  are 
found  during  that  time  and  not  at  night.  During  their  absence  from 
the  peripheral  circulation  the  embryos  probably  take  refuge  in  the 
large  arterial  trunks,  such,  for  example,  as  the  internal  carotid,  and 
in  the  lungs.  No  entirely  satisfactory  explanation  of  this  filarial 
periodicity  is  yet  forthcoming. 

Manson  and  others  have  shown  that  transmission  from  man  to  man 
occurs  through  the  agency  of  Culex  fatigans,  Anopheles  nigerrimus,  and 
other  mosquitoes,  which  extract  the  embryo  with  the  blood  from 
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infected  patients.  In  the  mosquito  the  embryos  undergo  several 
changes,  and  pass  from  the  stomach  to  the  thoracic  muscles  and 
prothorax,  and  filially  into  the  proboscis  ;  thence  they  are  injected 
into  a  new  host,  and  reach  the  lymphatic  system,  where  they  become 
sexually  mature  ;  impregnation  of  the  female  occurs,  and,  in  the  end, 
ova  and  their  contained  embryos  are  deposited  in  the  lymph.  In  due 
time  the  embryos,  still  contained  in  the  stretched-out  egg  capsule 
which  forms  the  sheath  of  the  embryo,  pass  through  the  lymphatic 
glands  eti  route,  and  enter  the  circulation  either  by  way  of  the 
thoracic  duct  and  left  subclavian  vein,  or  by  tlie  lymphatics  of 
the  upper  part  of  the  body. 

Symptoms  and  pathological  effects  of  filariasls. — 
Althougli  both  adult  worms  and  embryos  are  often  present  in  large 
numbers  without  producing  ill  effects,  they  frequently  cause  severe 
consequences  owing  to  tlie  obstruction  to  lymph  circulation  by  the 
parent  worms  and  the  ova.  The  lymph  is  dammed  back  and  its 
pressure  raised  ;  this,  in  time,  leads  to  marked  dilatation  and  vari- 
cosity of  the  lymphatics,  with  lymphatic  oedema  or  lympliorrhoea  in 
the  affected  area.  Tlie  obstruction  may  be  complete  from  the  first, 
as  when  a  mass  of  worms  or  ova  becomes  impacted  in  the  lumen  of  a 
lymphatic  vessel ;  or  it  may  be  partial  at  first,  but  gradually  become 
more  complete,  from  inflammation  and  consequent  thickening  of 
the  coats  of  the  lymphatic,  owing  to  the  irritation  by  the  worms  or 
ova  within  it.  The  ultimate  effects  in  any  case  will  depend  upon 
the  efficiency  of  the  collateral  circulation.  Thus,  if  the  thoracic  duct 
itself  become  blocked,  the  chyle  can  only  reach  the  circulation  by 
passing  backwards,  by  way  of  the  abdominal  and  pelvic  lymphatics, 
to  tlie  lymphatics  of  the  groin  and  scrotum,  and  on  by  those  of  the 
abdominal  wall,  chest,  and  neck,  into  the  right  main  lymphatic  trunk 
to  the  subclavian  vein.  The  whole  of  tlus  tract  of  lymphatic  vessels 
and  the  thoracic  duct  itself  up  to  the  actual  obstruction  may  become 
hypertrophied,  varicose,  and  greatly  distended  with  chyle,  which  may 
leak  from  the  vessels  on  the  slightest  injury,  or  may  even  exude 
without  any  breach  of  surface.  The  conditions  produced,  therefore, 
depend  upon  the  position  of  the  block  in  the  lymphatic  system,  the 
degree  of  obstruction,  and  the  state  of  the  collateral  channels.  Pos- 
sibly some  of  the  symptoms  may  be  ascribed  to  ova  obstructing  the 
circulation  through  the  lymphatic  glands. 

F.  nocturna  is  seldom  found  in  the  blood  in  cases  of  well-developed 
filariasis,  and  least  of  all  in  elephantiasis.  This  is  due  either  to  the 
death  of  the  parent  worms  (which,  by  their  irritation,  may  sometimes 
set  up  abscesses  or  lymphangitis)  or  to  the  obstruction  in  the  lymphatic 
area  becoming  so  complete  that  the  embryos  cannot  pass  into  the 
general  circulation. 
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Clinical  manifestations  of  filariasis.  1.  Filarial  ab- 
scess.— Abscesses,  particularly  about  the  scrotum,  may  occur  as  a 
result  of  filariasis,  and  may  sometimes  be  the  first  indication  of  the 
condition.  In  some  cases  they  are  due  to  the  death  of  the  parent 
worm,  wliich  may  be  found  entire  in  the  cavity  of  the  abscess,  or  in 
pieces  incorporated  with  the  substance  of  its  wall.  The  dead  worm 
may,  however,  in  many  cases  be  entirely  absorbed  without  producing 
any  irritation.  Most  filarial  abscesses  are  produced  by  lymphangitis 
which  has  suppurated,  the  process  being  comparable  with  that  of  an 
ordinary  septic  lymphangitis  which  ends  in  pus-formation. 

Maxwell  divides  these  abscesses  into  three  main  groups,  according 
to  their  situation,  as  follows  : — 

1.  In  the  scrotum,  where  they  may  occur  as  (a)  suppurating 
hydrocele  ;  (6)  abscess  of  the  spermatic  cord  ;  or  (c)  abscess  below 
the  testicle. 

2.  In  the  limbs,  occurring  in  situations  rich  in  lymphatic  tissue, 
and  generally  in  the  immediate  neighbourhood  of  the  great  vessels. 
They  are  particularly  common  in  the  axilla  and  the  popliteal  space. 

3.  Intrathoracic  and  intra-abdominal  abscesses.  The  former  de- 
velop in  the  posterior  mediastinum,  and  cannot  be  easily  diagnosed. 
The  latter  are  most  common  in  the  retroperitoneal  tissue,  especially 
in  the  iliac  region.  In  these  cases,  according  to  Manson,  there  may 
be  deep-seated  pain  in  the  thorax  or  abdomen  with  a  hectic  tempera- 
ture and  the  ordinary  signs  of  abscesses,  so  far  as  they  can  show  them- 
selves, and  with  a  very  marked  diminution  in  the  number  of  embryos 
or  even  their  complete  disappearance  from  the  blood. 

The  condition  sets  in  with  a  prolonged  rigor,  followed  by  a  high 
temperature  in  a  filarial  subject.  Sometimes  this  may  be  associated 
with  or  preceded  by  an  attack  of  lymphangitis,  which  usually  is  the 
precursor  either  of  an  abscess  or  of  elephantiasis. 

The  treatment  naturally  consists  in  free  incision  and  drainage, 
whenever  possible. 

2.  Lymphangitis  and  elephantoid  fever. — ^At  any  stage 
inflammation  ot  lymphatic  tracks  may  develop,  with  marked  signs 
of  septic  lymphangitis.  Fever  is  high  and  usually  preceded  by  a  pro- 
longed rigor  ;  inflammation  and  induration  along  the  lymphatics  and 
redness  and  congestion  of  the  sldn  are  prominent  features.  Abscess- 
formation  may  occur,  or  relief  may  be  gained  by  the  discharge  of 
lymph  from  the  surface  of  the  swollen  skin.  Recovery  is  incomplete, 
for  some  thickening  of  the  lymphatics  and  induration  of  the  skin 
persist,  which,  increased  by  each  subsequent  attack,  finally  induce 
well-developed  elephantiasis. 

The  attacks  of  fever  and  lymphangitis  are  particularly  common 
in  elephantiasis,  lymph  scrotum,  and  varicose  groin-glands.    If  it  is 
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known  that  the  patient  has  filarial  embryos  in  his  blood  the  diagnosis 
of  these  recurrent  attacks  of  fever  is  very  obvious. 

Treatment  must  follow  the  usual  lines  for  lymphangitis  of  other 
origin  ;  special  care  must  be  taken,  by  massage  and  bandaging,  to 
promote  the  absorption  of  the  inflammatory  products. 

3.  Elephantiasis  of  the  scrotum  and  penis. — Elephantiasis 
is  by  far  the  most  common  manifestation  of  tilariasis,  and  is  very 
prevalent  in  filarial  countries,  especially  in  Cochin-China  and  Samoa, 
though  it  has  a  very  wide  distribution.  It  has  a  special  predilection 
for  certain  sites,  such  as  the  scrotum  and  the  lower  extremities,  but 
is  also  met  with  in  the  arms,  breasts,  vulva,  scalp,  and  in  circumscribed 
skin  areas  in  the  limbs,  trunk,  and  neck. 

It  is  a  natural  result  of  blocking  of  the  lymph-stream,  the  first 
symptoms  being  usually  ushered  in  by  an  attack  of  fever  and  lymph- 
angitis. If  the  obstruction  is  sufficiently  localized  to  shut  out  the 
scrotum  from  the  lymph  circulation,  there  will  be,  first,  some  general 
enlargement  ;  the  scrotum  will  seem  more  pendulous  and  the  skin  too 
abundant,  generally  softened  and  thickened,  and  either  quite  smooth 
or  dotted  over  with  tiny  vesicles  distended  with  or  discharging  lymph. 
Sooner  or  later  an  attack  of  lymphangitis  occurs,  which,  after  sub- 
siding, leaves  the  scrotum  much  larger  and  the  skin  much  tougher  and 
tliicker.  Increasing  in  size  with  each  attack,  the  scrotum  may  assume 
enormous  proportions  (Fig.  249),  weights  as  much  as  224  lb.  being 
reported.  As  the  scrotal  swelling  enlarges  it  drags  with  it  the  skin 
of  the  lower  part  of  the  abdomen  and  as  much  loose  sldn  as  possible 
from  the  perineum,  buttocks,  and  thighs.  The  penis,  which  remains 
firmly  attached  to  the  symphysis  pubis  by  its  suspensory  ligament,  is 
dragged  to  an  enormous  length  ;  the  prepuce  and  the  skin  of  the 
body  of  the  organ  being  pulled  down  to  form  an  elongated  hood, 
which  becomes  buried  in  the  mass  as  a  long  funnel,  in  the  depths 
of  which  is  the  glans  penis  with  the  orifice  of  the  urethra.  In  a  mode- 
rately severe  case  the  enlargement  of  the  scrotum  is  equally  dis- 
tributed over  its  whole  surface,  and  about  halfway  down  the  anterior 
surface  of  the  swelling  the  depression,  the  external  opening  of  the 
funnel  just  mentioned,  presents.  No  trace  of  penis  or  of  spermatic 
cords  is  seen,  nor  can  they  be  felt,  in  the  mass.  The  skin  is  thick  and 
rough,  does  not  pit  on  pressure,  and  appears  very  like  coarse  pig-skin, 
the  hair-follicles,  often  much  hypertrophied,  standing  out  prominently 
at  a  considerable  distance  from  each  other,  and  usually  tipped  with 
thick,  twisted,  bristly  hairs,  though  sometimes  the  scrotum  is  quite 
Ijald.  The  consistence  of  the  mass,  as  a  whole,  is  soft,  though  the 
lower  part  is  frequently  harder  and  more  prominent  than  the  rest 
owing  to  thickening  of  the  gubernaculum  testis  and  to  passive  con- 
gestion at  the  bottom  of  the  swelling.    The  prominence  is  due  in  some 
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instances  to  hydroceles.  Single  or  double  inguinal  hernia  may  be 
present  also.    Sometimes  the  scrotum  alone  is  affected,  the  penis 


Fig.  249. — Elephantiasis  of  scrotum — ulcerated — and  of  legs. 

{Plwtogrnph  of  a  cast'  in  the  ai(thor' s  ivariis  in  Kasr-el-A  iny  Hospital^  Caij'o.) 


remaining  quite  free,  but  in  the  majority  of  cases  of  any  severity  the 
penis  becomes  involved  in  the  growing  mass. 
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When  the  penis  alone  is  affected,  the  disease  shows  itself  first  in 
the  prepuce,  which  becomes  swollen  and  softened,  and  forms  a  horn- 
like projection,  or  a  swollen  collar  all  round  the  glans  penis.  In  time 
the  skin  of  the  body  of  the  penis  becomes  affected  also,  and  a  very 
characteristic  appearance  is  produced.  The  body  of  the  penis  itself, 
including  the  glans,  is  not  affected,  and  in  all  cases  it  can  be  dissected 
out  quite  intact  from  the  infiltrated  skin  around  it,  even  when  it  lies 
in  the  midst  of  an  enormous  scrotal  swelling. 

On  section  it  will  be  seen  that  the  skin  layer,  with  all  its  contents, 
is  enormously  hypertropliied,  and  that  the  rest  of  the  section  consists 
of  a  mass  of  blubbery,  fatty  areolar  and  loose  connective  tissue  con- 
taining many  large  blood-vessels.  The  penis,  cords,  and  testicles  are 
all  embedded  in  tliis  milky-wliite  tissue,  wliich  can  be  entirely  stripped 
from  them  by  careful  separation  in  the  line  of  cleavage.  The  spermatic 
cords  are  enormously  lengthened  and  a  deposit  of  fatty  tissue  runs  up 
between  the  vessels  in  advanced  cases,  though,  usually,  there  is  a 
definite  fibrous  sheath  enclosing  the  structures  of  the  cord,  wliich  are 
not  infiltrated  generally  though  they  are  much  thickened.  The  vessels 
are  greatly  increased  in  size  and  lengthened.  The  testicles  are  soft, 
sometimes  much  atrophied,  but  in  most  cases  quite  healthy,  and  are 
often  surrounded  by  large,  thick-walled  vaginal  hydroceles  containing 
clear  fluid,  not  lymph  or  chyle. 

Treatment. — These  swellings,  however  large,  are  not  dangerous,  but 
become  very  inconvenient  from  their  great  Aveight  and  the  dragging 
on  adjacent  tissues.  Complete  amputation  affords  the  only  hope  of 
cure,  and  should  be  carried  out  when  the  patient's  general  condition 
permits.  When  the  penis  alone  is  affected,  all  the  soft  elephantiatic 
skin  and  tissue  must  be  most  completely  removed,  the  raw  surface 
being  subsequently  sldn-grafted  by  Thiersch's  method. 

In  cases  involving  the  scrotum,  and  in  which  the  penis  is  entirely 
liidden,  the  mass  must  be  freely  incised  from  well  above  the  symphysis 
pubis  to  the  opening  of  the  preputial  funnel,  and  the  enormous  penis 
and  the  spermatic  cords,  up  to  the  external  ring,  cleanly  enucleated, 
the  thickened  gubernacula  being  divided  below  in  order  to  free  the 
cords.  The  penis,  cords,  and  testes  in  their  tunicse  vaginales  are 
turned  up  on  to  the  abdomen  out  of  harm's  way,  •  the  urethra  is 
guarded  by  a  catheter  placed  in  it,  and  the  mass  amputated.  Every 
particle  of  diseased  skin  and  subcutaneous  tissue  is  then  dissected 
away  and  the  muscles  are  laid  bare.  The  flaps  of  healthy  sldn  that 
remain  are  undercut  to  form  a  pouch  for  the  testes.  The  cords  and 
tunicae  are  now  cleared  of  disease  by  careful  dissection,  and  tlie  testes 
placed  in  the  pouch  made  for  them.  Generally  most  of  the  penis 
is  left  bare  and  is  subsequently  grafted. 

If  only  the  scrotum  is  affected  the  operation  is  much  easier,  the 
3G 
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cords  and  testicles  being  first  dissected  out,  and  tlie  mass  then 
removed  as  described  above. 

4.  Elephantiasis  of  the  legs  (Fig.  2.50)  is  common,  and  is 
most  usual  below  the  loiee,  but  may  develop  to  any  extent  imtil 
the  whole  of  one  or  both  lower  extremities  is  afiected.  There  is  a 
great  increase  in  size,  and  the  sldn  has  the  usual  elephantiatic 
characters  :  the  nails  are  rough,  thick,  and  deformed,  and  around  the 
joints  deep  folds  are  produced  so  that  the  articular  movements  are 
still  possible.  Usually,  however,  from  the  weight  of  the  part  and  its 
unwieldiness,  walking  is  exceedingly  difficult  if  not  altogether  impos- 
sible, and,  as  repeated  attacks  of  Ij^mphangitis  and  elephantoid  fever 
may  supervene,  the  swelling  goes  on  increasing  till  the  limb  assumes 
enormous  proportions. 

Treatment  is,  on  the  whole,  unsatisfactory,  but  Castellani  has  re- 
ported good  results  from  the  injections  of  fibrolysin  and  firm  bandag- 
ing and  subsequent  excision  of  large  pieces  of  skin.  Radium  has  also 
proved  beneficial  in  certain  cases  of  severe  lymphatic  obstruction. 
Lympliangioplasty  has,  in  my  hands,  been  only  temporarily  success- 
ful. Streptococcal  vaccines  may  be  tried,  especially  when  attacks 
of  elephantoid  fever  still  tend  to  recur. 

Elephantiasis  also  occurs  to  some  extent  in  the  arms,  and  in  the 
scalp,  breasts,  and  vulva,  and  may  present  as  pedunculated  masses 
depending  from  the  groins,  thighs,  neck,  and  other  parts  of  the  skin 
surface.  Removal  by  free  excision  must  be  adopted  whenever  possible 
in  these  cases.  A  condition  sometimes  known  as  false  elephantiasis  is 
sometimes  found  in  the  scrotum  in  cases  of  multiple  urethral  fistulse, 
especially  in  bilharziosis,  or  in  the  limbs,  particularly  the  legs,  in  cases 
of  chronic  inflammation.  This  latter  depends  often  on  some  deep 
necrosis  of  bone  in  the  limbs  and  in  other  places,  but  has  nothing 
to  do  with  filariasis.  A  careful  examination  for  thickening  of  bone, 
openings  of  fistulaj,  etc.,  must  be  made  before  diagnosis. 

5.  Varicose  lymph-glands. — This  condition  is  described  by 
Manson  as  occurring  particularly  in  the  inguinal  and  the  femoral  glands 
and,  rarely,  in  the  axilla.  They  form  at  first  painless,  soft  swellings, 
varying  considerably  in  size,  and  affecting  one  or  both  groins  both 
above  and  below  Poupart's  ligament.  After  a  time  an  attack  of  lymph- 
angitis occurs  and  the  swellings  become  tender  and  increase  in  size. 
They  contain  a  chylous  or  a  lymph-like  fluid,  in  which  living  embryos 
may  be  found.  They  are  often  associated  with  lymph  scrotum,  more 
rarely  with  chyluria  and  chylous  hydrocele  ;  and,  on  dissection,  are 
found  to  consist  very  largely  of  masses  of  varicose  lymphatics  connected 
with  a  large  lymphatic  varix  in  the  pelvis  and  abdomen.  These  glands 
should  only  be  removed  if  they  are  causing  troublesome  symptoms, 
such  as  those  of  lymphangitis  ;  as,  in  their  removal,  a  portion  of  the 
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lymphatic  collateral  circulation  is  interfered  witl-,  their  excision  may 
be  followed  by  lymphorrhoea,  by  elephantiasis  of  the  legs,  or  by 
enlarged  dilated  lymphatics  in  other  parts. 

6.  Lymph  scrotum  is  a  condition  due  to  filariasis,  in  which  the 
scrotum  is  enlarged  and  pendulous.  The  skin  is  soft  and  smooth, 
and  may  contain  some  dilated  lymphatics  from  which  lymph  or  a 
chylous  fluid  may  escape.  It  is  often  associated  with  varicose 
groin-glands,  and  not  infrequently  becomes  subject  to  attacks  of 
lymphangitis  and  elephantoid  fever,  which  lead  to  its  enlargement 
and  subsequent  transformation  into  a  typical  elephantiasis.  Abscess 
also  may  occur. 

Treatment. — When  necessary,  a  complete  removal  of  the  scrotum 
should  be  carried  out ;  but  this  operation  sometimes  leads  eventu- 
ally to  elephantiasis  of  the  leg  or  some  other  filarial  lesion,  owing  to 
the  removal  of  the  portion  of  the  collateral  circulation. 

7.  Chylous  hydrocele  and  filarial  orchitis. — In  certain  cases, 
from  the  rupture  of  a  dilated  lymphatic  in  the  wall  of  the  tunica 
vaginalis,  a  hydrocele  is  formed  which  contains  chyle.  This  will  be 
painless  and  not  translucent,  and  will  often  be  associated  with  lymph 
scrotum,  varicose  groin-glands,  or  some  other  filarial  lesion.  Embryos 
will  be  present  in  the  blood  and  also,  in  large  quantity,  in  the  hydro- 
cele fluid.  Such  cases  may  be  treated  just  as  simple  hydroceles  by 
radical  operation.  The  majority  of  hydroceles  found  in  scrotal  elephan- 
tiasis contain  a  clear  fluid,  neither  lymph  nor  chyle. 

Orchitis  of  filarial  origin  is  also  reported,  but  presents  no  special 
features. 

8.  Filarial  synovitis,  especially  of  the  knee,  is  described  by 
Maitland.  At  various  parts  of  the  body,  prominent  dilated 
lymphatic  varices  may  be  met  with,  and  sometimes  in  them  the 
parent  worm  may  be  found.  Similarly,  thickened  lymphatics 
may  persist  after  an  attack  of  filarial  lymphangitis  on  the  skin  surface 
or  in  the  subcutaneous  tissues. 

9.  Chyluria. — This  condition,  fer  se,  is  rather  of  medical  than 
of  surgical  interest,  and,  strangely  enough,  it  is  not  often  associated 
with  other  filarial  lesions.  When,  from  obstruction  in  the  thoracic 
duct,  or  in  the  main  trunks  near  it,  the  abdominal  and  pelvic  lym- 
phatics become  varicose,  great  bunches  of  dilated  lymphatics  surround 
the  whole  course  of  the  urinary  tract.  If,  from  any  cause,  rupture  of 
a  lymphatic  occurs,  chyle  escapes  into  the  tract  and  will  be  passed 
in  the  urine.  The  passage  of  milky  urine,  perhaps  preceded  by  some 
lumbar  pain,  or  sometimes  retention  of  urine  from  the  coagulation 
of  the  chyle  in  the  bladder,  is  the  first  indication  of  the  disease.  The 
urine  is  subsequently  passed  in  thin,  worm-like  clots,  often  after 
severe  pain  and  distress.    In  either  case  the  urine  is  milky,  and  at 
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times  may  become  blood-tinged  ;  at  other  times  it  may  be  quite 
watery.    The  chyluria  is  sometimes  remittent. 

The  course  and  prognosis  of  a  case  of  chyluria  are  very  uncertain. 
Sometimes  it  all  clears  up,  only  to  return  after  a  long  interval,  and 
to  disappear  as  unexpectedly  as  before.  Continued  chyluria  causes 
marked  anaemia  and  debility.  It  may  come  on  for  the  first  time  during 
pregnancy,  or  be  aggravated  by  this  condition  as  further  ruptures 
of  the  dilated  pelvic  lymphatics  take  place.  Violent  exercise  of  any 
sort  is  also  credited  with  inducing  an  attack,  hvit  usually  no  certain 
cause  can  be  discovered. 

The  treatment  resolves  itself  into  rest  and  elevation  of  the  pelvis 
and  the  lower  part  of  the  body,  to  assist  the  collateral  lymphatic  cir- 
culation as  much  as  possible.  The  general  diet  must  be  restricted,  and 
as  much  fatty  food  given  as  can  be  borne.  Beyond  this,  and  attention 
to  the  general  health  and  to  the  bowels  and  other  excretory  organs, 
no  treatment  is  known. 

Should  a  rupture  of  a  dilated  lymphatic  varix  take  place  into  the 
peritoneal  cavity,  chylous  ascites  occurs.  This  is  usually  first  diag- 
nosed by  exploration.  In  all  respects  such  a  case  must  be  treated  as 
any  other  ascites.  In  one  case  under  my  observation  the  peritoneum 
contained  milky  fluid,  in  which  Looss  discovered  the  protozoan  para- 
site Leydinia  gemmipara,  the  occurrence  of  which  and  its  faculty  of 
producing  milky  ascites  must  be  remembered. 

Again,  should  a  rujjture  occur  into  the  lumen  of  the  intestine  in 
any  part,  chylous  diarrhoea  will  ensue  and  will  persist  as  long 
as  the  opening  remains  patent. 

SNAKE  AND  SCORPION  BITES 

From  a  surgical  point  of  view  snake  bites  may  be  taken 
collectively  and  considered  in  order  of  tlieir  severity.  The  j^rognosis 
depends  upon  the  dose  of  venom  injected  with  the  bite,  its  relative 
toxicity,  the  site  of  injection,  and  the  age  and  power  cf  resistance  of 
the  individual  bitten. 

1.  The  bite  may  be  almost  immediately  fatal  from  paralysis  of 
respiration  and  of  ^the  heart,  when  an  overpowering  dose  of  very 
toxic  venom  is  injected,  as  may  happen  in  cobra  or  krait  bite.  If 
by  chance  the  venom  is  injected  directly  into  a  vein,  it  leads  to  a 
general  thrombosis,  vomiting,  collapse,  and  death. 

2.  The  outlook  in  most  cases,  however,  is  not  so  entirely  hopeless. 
Thus,  in  the  case  of  viper  bites — Russell's  viper,  the  rattlesnake, 
the  Australian  tiger-snake,  the  Egyptian  horned  viper — there  is  usually 
an  intense  burning  pain  around  the  two  punctures  of  the  bite  and 
local  redness,  with  a  rapidly  spreading  oedema,  often  almost  purple 
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in  colour  and  patchy  with  extravasated  blood.  The  swelling  may 
extend  up  the  whole  limb,  even  on  to  the  trunk.  The  victim  is  iisually 
in  a  state  of  terror,  and  may  be  suffering  from  severe  shock  ;  he 
becomes  faint  and  dizzy,  and  finds  himself  unable  to  stand.  He  may 
suffer  from  profuse  salivation  and  paralysis  of  the  muscles  of  the 
tongue  and  larynx,  and  is  soon  attacked  by  paralysis  beginning  in 
the  legs  but  rapidly  becoming  general.  Nausea  and  vomiting  precede 
a  gradual  failure  of  respiration.  Finally  the  heart  stops,  and  the 
patient  dies,  with  slight  convulsions,  in  from  three  to  fifteen  hours. 
Recovery  may  occur,  however,  and  is  usually  rapid  and  complete, 
though  death  may  supervene  later  from  septic  absorption  fi'om  the 
bite,  which  in  all  cases  is  infected,  and  heals  but  slowly,  perhaps 
leaving  ulcerated  areas. 

Treatment  must  be  prompt  and  thorough.  An  elastic  ligature, 
or  several,  must  be  placed  above  the  bite,  and  a  large  area  around 
it  excised  (in  the  case  of  a  finger  or  toe,  immediate  amputation 
may  be  done) ;  20-30  c.c.  of  fresh  1  per  cent,  solution  of  calcium 
chloride  is  then  injected,  and  the  raw  surface  freely  washed  with 
a  large  quantity  of  sodium  hypochlorite  or  calcium  chloride,  or  rubbed 
with  permanganate  of  potassium  crystals.  The  appropriate  anti- 
venine,  if  available,  must  be  repeatedly  injected,  and  subsequently 
the  wound  mast  be  treated  secundum  artem.  To  counteract  shock, 
strychnine  must  be  injected  hypodermically  in  large  and  repeated 
doses,  and  brandy,  ether  and  ammonia,  and  other  forms  of  stimu- 
lant, vigorously  exhibited.  In  the  severest  cases  artificial  respiration 
may  tide  the  victim  over  his  crisis. 

3.  In  the  case  of  bites  from  vipers  in  Clreat  Britain,  very  serious 
symptoms  may  be  produced,  but  they  are  comparatively  rarely  fatal. 
They  come  on  very  rapidly,  with  pain,  redness,  and  swelling  in  the 
bite,  extreme  prostration,  fainting  and  collapse,  and  even  death  from 
heart  failure.  The  local  signs  and  general  symptoms  resemble  those 
described  above,  but  in  a  much  milder  degree,  and  treatment  follows 
the  same  general  lines. 

4.  Bites  from  non-poisonous  snakes  often  produce  grave  symptoms 
of  fright  and  shock,  and  sometimes  violent  delirium,  but  tliis  symp- 
tom is  more  frequently  ascribable  to  the  large  quantities  of  brandy 
administered  by  misguided  friends. 

Scorpion  bites  produce  effects  varying  considerably  with 
the  age  of  the  victim.  They  are  very  dangerous  and  quite  often 
fatal  in  children,  but  comparatively  harmless  in  healthy  adults. 
When  a  child  is  bitten  the  local  signs  may  be  quite  insignificant,  a 
tiny  mark  like  a  flea-bite  being  sometimes  seen,  though,  in  a  dark 
skin,  this  may  quite  escape  detection.  Very  shortly  afterwards  the 
child  faints,  and  may  remain  in  a  state  of  collapse  for  two  or  three 
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hours,  and  tlieu  recover  and  appear  to  be  quite  well,  only  to  have  a 
second  attack  of  collapse  a  few  hours  later  which  may  progress  to 
unconsciousness  and  death.  In  other  children,  and  generally  also 
in  older  patients,  the  local  symptoms  of  pain,  tightness,  formication, 
redness,  and  a  rapidly  sjareading,  purply  a'dema  may  be  present,  with 
varying  degrees  of  shock,  delirium,  or  collapse.  Irregular  muscular 
contractions  of  the  limbs  may  occur,  and  even  trismus  and  gastro- 
intestinal symptoms  not  unlike  those  of  irritant  poisoning.  Occasion- 
ally respiratory  symptoms  develop,  and  the  patient  dies  from  asphyxia 
or  pneumonia. 

Treatment  follows  the  general  lines  of  that  of  snake  bite,  with 
repeated  injections  of  Todd's  anti-scorpion  venine. 

INSECT  BITES  AND  STINGS  MYIASIS 

Considerable  local  inflammation  and  general  poisoning  may  occur 
as  the  result  of  bites  of  various  insects  possessing  poisonous  secretions, 
the  local  effects  varjdng  from  a  slight  red  irritating  punctum  to  severe 
phlegmonous  inflammation  or  extensive  oedema.  The  sting  of  the 
bee  is  barbed,  and  is  left  in  the  wovmd.  There  is  immediate  intense 
burning  pain  and  throbbing,  rapidly  followed  by  mottled  redness  and 
swelling  which,  in  soft  parts,  may  be  considerable.  Severe  general 
symptoms  sometimes  occur,  even  fatal  syncope  or  death  from  fright  ; 
and  erysipelas,  phlebitis,  and  other  septic  changes  may  result  from  the 
sting.  lATasps  and  hornets  may  produce  somewhat  similar  effects, 
but  the  sting  is  not  barbed,  and  several  punctures  may  be  made  close 
together.  A  general  urticaria  may  follow  these  stings.  The  Egyptian 
hornet  (Arabic,  dabhoor)  produces  very  severe  general  symptoms  also, 
with  intense  pain  in  the  bite,  and  a  very  hard  ccdematous  swelling  for 
a  considerable  area  around. 

Treatment. — In  all  such  cases  the  sting  must  be  removed,  if  left 
in  the  wound,  and  alkaline  fomentations  applied  and  constantly 
renewed.  Bicarbonate  of  soda  and  ammonia  are  the  most  efficacious, 
and,  later,  hazeline  applications  are  most  soothing.  In  cases  of  marked 
redema,  hot  alkaline  fomentations  or  antiphlogistin  can  be  recom- 
mended.   General  symptoms  may  also  require  attention. 

Spiders,  tarantulas,  and  centipedes  may  all  give  dan- 
gerous bites,  which  may  end  in  erysipelas  or  otlier  septic  conditions  ; 
and  mosquitoes,  bugs,  gnats,  midges,  ticks,  and  various 
flies,  quite  apart  from  their  danger  as  transmitters  of  specific  diseases, 
may  cause  very  irritating  bites  which,  in  themselves,  01  by  subse- 
quent contamination,  may  lead  to  serious  consequences.  Mosquito 
bites  may  form  small  blood-blisters  which  may  suppurate  and  lead  to 
a  general  furunculosis  with  all  its  possible  dangers. 
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The  treatment  of  all  tliese  plagues  is  unsatisfactory  ;  but,  in 
general,  alkaline  or  liazeline  lotions  are  the  best,  while,  later,  eau  de 
Cologne  and  other  spirituous  applications  may  be  tried.  The  intense 
irritation  and  the  urticarial  condition  sometimes  found  may  be 
relieved  by  calcium  lactate  internally,  and  general  furunculosis  yields 
best  to  an  appropriate  vaccine. 

Bot-flies,  gad-flies,  and  others  of  their  nature,  may  lay  their 
eggs  under  the  skin  and  give  rise  to  a  boil-like  swelling,  which  may 
ultimately  form  an  abscess  or  end  in  ulceration.  The  ver  du  cayor, 
the  larval  form  of  the  Ocliryomyia  anthropojjJiaga  (E.  Blanchard)  of 
Senegambia,  and  the  ver  macaque,  the  larva  of  a  gad-fly,  Dermatobia 
cyaniventris  (Macquart),  of  Central  America,  Mexico,  and  Brazil,  are 
two  well-known  examples  of  such  larval  infections  ;  but  much  more 
serious  effects  are  produced  by  the  wanderings  of  the  screw-worm, 
the  larval  form  of  a  blue-bottle  fly  known  as  Chrysomyia  macellaria 
(Fabricius),  which  is  found  in  South  and  North  America;  similar 
flies  in  parts  of  China  and  India  also  attack  the  same  places.  The 
eggs  may  be  deposited  in  the  skin  or  in  the  mucous  membrane  of  the 
nose  or  skin  of  the  auditory  canal.  The  larvse,  on  being  hatched,  may 
set  up  some  local  furunculosis  in  the  skin,  or  may  bore  from  the  nose 
or  ear  deeply  into  surrounding  tissues,  even  through  muscles  and 
cartilage,  to  the  bones.  In  their  course  they  may  set  up  septicaemia, 
or  even  penetrate  to  the  meninges  and  brain,  with  fatal  consequences. 
More  often  the  frontal  and  other  sinuses  in  connexion  Avith  the  nasal 
passages  may  be  involved. 

Treatment. — Extensive  operations  for  the  evacuation  of  the  larvae 
and  pus  may  be  required,  with  the  subsequent  application  of  strong 
antiseptics,  such  as  pure  carbolic  or  benzine.  The  inhalation  of 
chloroform  may  be  employed  also  to  kill  the  larvae  (MacLeod). 

Wounds  may  at  any  time  become  infected  with  maggots,  the 
larvae  of  variou.s  flies,  particularly  in  tropical  countries  among  native 
patients.  Radical  measures  must  be  taken  to  remove  such  foreign 
bodies  and  prevent  their  reappearance. 

The  impregnated  female  chigger  or  sand-flea  {Dermatofhilus  pene- 
trans), which  inhabits  warm,  dry,  sandy  soil  in  many  tropical  and  sub- 
tropical climates,  produces  local  irritation  by  entering  through  the  soft 
skin,  especially  in  the  sole  between  the  toes,  around  the  nails,  or  through 
any  small  abrasion.  There  may  be  no  symptom  of  penetration,  but 
usually  an  acute  irritation  with  intense  itching  is  present.  At  first 
only  a  tiny  black  spot,  the  posterior  end  of  the  flea,  can  be  seen,  but 
this  soon  increases  in  size,  as  the  body  becomes  swollen  with  ova, 
until  it  may  be  as  large  as  a  pea.  Inflammation  and  secondary  sup- 
puration occur  in  the  surrounding  tissues  and  may  expel  the  flea. 
Dirty  discharging  sinuses  or  deep  ulcerated  wounds  may  be  produced, 
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and  erysipelas,  gangrene,  or  even  tetanus  may  supervene.  If  the 
worm  is  burst  within  the  skin,  ova  may  be  discharged  from  the  sinus 
for  some  time,  with  constant  irritation,  or  the  flea  may  die  and  act 
as  a  foreign  body. 

The  diagnosis  in  a  country  where  the  disease  is  endemic  is 
easy,  and  the  extraction  of  the  flea  itself  is  conclu.sive  evidence. 

Treatment. — The  affected  area  should  be  soaked  in  hot  soda 
solution  for  some  hours  (Black),  the  small  external  opening  enlarged 
with  a  fine-bladed  scalpel  or  needle,  and  the  flea  removed — if  possible 
without  injuring  it  or  spilling  its  contents.  Antiseptic  applications 
and  dressings  should  be  employed  till  the  sinuses  have  healed.  Toes 
may  require  to  be  amputated  in  severe  cases,  and  gangrene  or  deep 
septic  infiltration  must  be  dealt  with  as  occasion  demands. 

Prophylaxis  must  consist  in  brushing  the  floors,  anointing  the 
feet  with  various  strong-smelling  antiseptics  and  parasiticidal  applica- 
tions, and  carefully  examining  them  daily.  Leather  shoes  or  sandals 
should  be  worn,  and  the  floors  may  be  kept  wet  with  carbolic  lotion 
or  petroleum  to  prevent  the  development  of  the  ova. 

POISONED  WOUNDS  INFLICTED  BY  FISH 

In  addition  to  the  well-recognized  symptoms  of  poisoning  resulting 
from  the  eating  of  certain  fish,  particularly  shell-fish,  either  fresh  or 
partially  putrid,  and  the  risks  of  contracting  a  specific  disease,  as  in 
the  case  of  typhoid  from  infected  oysters,  quite  severe  and  dangerous 
wounds  may  be  caused  by  contact  with  some  of  the  hard-skinned  fishes, 
which  are  armed  with  sharp,  sometimes  barbed,  spines  in  different 
situations.  Some  of  these  fish,  such  as  the  sting-rays — stingaree — 
the  Scorpaenidfe,  certain  of  the  cat-fish  tribe  (Siluridee),  the  weavers, 
and  others,  inflict  wounds  comparable  to  those  of  a  poisoned  arrow, 
the  spines  being  coated  with  a  peculiarly  irritating  mucus  derived 
from  the  surface  of  the  skin.  Others,  amongst  which  may  be  men- 
tioned the  Synancece  verrucosa  and  horrida  and  the  Thalassophryna, 
possess  definite  poison  sacs  at  the  base  of  deeply  grooved  spines.  The 
venom  is  injected  by  pressure,  and,  if  in  sufficient  quantity,  may 
produce  very  dangerous  general  poisoning  effects,  or  even  death. 

Speaking  generally,  jagged,  irregular  wounds  result  which  are  often 
intensely  painful  and  are  almost  invariably  followed  by  considerable 
swelling,  lymphangitis,  cellulitis,  or  gangrene.  All  the  possibilities  of 
general  septic  absorption  are  also  present.  The  direct  effect  depends 
entirely  upon  the  nature  and  quantity  of  the  poisonous  material 
injected  ;  in  severe  cases  delirium,  convulsions,  and  death  may  follow. 

Treatment,  both  local  and  general,  must  be  conducted  on  the 
usual  principles  for  poisoned  wounds.    Whenever  possible  a  ligature 
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should  be  applied  above,  the  wounds  enlarged  and  allowed  to 
bleed  freely,  then  cauterized  with  pure  carbolic,  permanganate  of 
potassium,  turpentine,  or  other  strong  antiseptic,  and  dressed  with 
antiseptic  fomentations.  Iodine  may  be  applied  to  the  wounds  in 
■other  cases. 

The  dangers  arising  from  the  ingestion  of  fish  which  are  acting 
as  hosts  to  some  developing  parasite  (Bothriocephalus  latus  in  certain 
fishes,  hydatids  in  congers),  and  the  effects  produced  by  electric 
eels  and  fishes  (torpedo  fish),  can  only  be  mentioned. 
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 •  predisposing  factors  in,  874 

  in  abdomen,  876 

  in  bones,  877 

  in  brain,  878 

 in  genito-urinary  tract,  877 

  in  head  and  neck,  876 

 in  heart  and  pericardium,  878 

  in  respiratory  tract,  877 

  in  skin,  878 

  in  tongue,  878 

  microscopic  examination  in,  875 

  mode  of  infection  of,  874 

 morbid  anatomy  of,  875 

  prognosis  in,  878 

  symptoms  of.  875 

  treatment  of.  879 

Acute  circumscribed  abscess  f.^ec  Ab- 
scess, acute  circumscribed) 

  diffuse  suppuration  (sec  Suppura- 
tion, acute  diffuse) 

  inflammation     (see  Inflammation. 

acute) 

Adenitis  of  ulcus  molle,  835 
Adenoids,  removal  of,  choice  of  anes- 
thetic in,  659 
Adenoma,  430 

  adrenal,  439 

  colloid,  of  thyroid.  437 

  cystic,  of  breast,  431,  433 

 diagnosis  between  carcinoma  and, 

430 

  fibro-,  of  breast,  431,  432 

  of  breast,  431 
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Adenoma  of  intestine,  437 

 •  of  kidney,  439 

 of  ovary,  442 

  of  rectum,  438 

  of  sebaceous  glands,  443 

  of  stomach,  437 

 of  sweat/glands,  445 

  of  thyroid,  435 

  of  umbilicus,  438 

 of  uterus,  442 

 structure  of,  430 

Adeno-myoma,  442 

Adeuo-sarcoma  (see  Sarcoma  of  kidney) 
Adiposis  dolorosa,  362 
Adrenal  adenoma,  439 

 associated     with  precocious 

sexual  development,  439 

  carcinoma  of,  555 

  ■■  rests,"  440 

Adrenalin  in  treatment  of  shook,  332 
xifter-sickness   in   general  anaesthesia, 
678 

Agar  in  bacterial  cultures,  35 
Age-incidence   of   malignant  tumours, 
471 

Agglutinin  reaction,  diagnostic  value 
of,  615 

 modes  of  collecting  blood  for, 

35 

Agglutinins,  29,  31 
Air  in  veins,  308 

 treatment  of,  308,  318 

Aix-la-Chapelle  water,  composition  of, 
753 

Albuminuria  in  secondary  syphilis,  730 
Alcock's  inhaler,  676 
Alcohol,  263 

  and  delirium  tremens,  340 

  in  treatment  of  shock,  331 

Alcoholism,  subjects  of,  choice  of  anses- 

thetic  for,  658 
Aleppo  evil,  854 

Alimentary  canal,  fibro-myoma  of,  428 

 ■   ■  sarcoma  of,  505 

Altmann's  granules,  report-ed  absence 
of,  in  malignant  tumours,  456 

Alveolar  arrangement  of  carcinoma 
cells,  513 

  sarcoma,  487 

Alypin  as  spinal  ansesthetic,  694 

Amboceptors,  29 

Ambulance,  Field,  work  of,  277 

Amputation  for  injuries,  247 

"          neuroma,"  429 

Amyloid  degeneration  of  kidney  in  ter- 
tiary syphilis,  743 

 •  of  liver  in  tertiary  syphilis, 

742 

Anaemia  in  secondary  syphilis,  730 
Anaesthesia,  "  direct,"  684 
  general,  652 

 ■  absence  of  conjunctival  reflex 

in,  653 

 ■  ■  after-sickness  in,  678 

 after-treatment  in,  678 

 diminution  of  corneal  reflex 

in,  653 

 in  robust  subjects,  654 

 ■  maintenance  of,  654 


Anaesthesia,  general,  mask  in,  655 

 •  position  of  patient  in,  677 

 in  empyema,  688 

 in  intestinal  obstruc- 
tion, 678 

 in  pelvic  operations, 

678 

 when    blood  enters 

mouth,  pharynx,  or 
posterior  nares,  677 

 preparation    of    patient  for, 

678 

 relaxation  of  muscles  in,  653 

 signs  of,  653 

 stertorous  breathing  in.  654 

 with  spinal  analgesia,  703 

 ■  (see  also  Anaesthetic,  general) 

  "  indirect,"  684 

  local,  680 

 advantages  of,  687 

 conduction  method  of,  683 

 disadvantages  of,  687 

 endoneural  method  of,  683 

 ■           for  circumcision,  687 

 for  operations  on  bones,  686 

 on  joints,  686 

 on  neck,  6£6 

 on  peritoneum,  685 

 on  skull,  686 

 on  thorax,  686 

 for  skin-grafting,  686 

 infiltration  method  of,  681 

    position    of  patient 

in,  682 

 technique  of,  682 

 perineural  method  of,  683 

 regional  method  of,  683 

 superficial  method  of,  681 

 venous  method  of,  684 

  spinal  (see  Analgesia,  spinal) 

 ■  (sec  also  Anaesthetic;  Analgesia) 

Anaesthetic,  general,  652 

 administration  of,  655 

 preliminary  steps  in,  653 

 C.E.  mixture  as,  655 

 ■  chloroform  as  (see  Chloroform) 

 ■           choice  of,  654,  659 

 for  expert  administrator, 

•  657 

 for  inexpert  administra- 
tor, 654 

 •  for  subjects  of  alcoholism, 

658 

 under    the  influence 

of  opium,  658 

 in  asthma,  658 

 in  childbirth,  658 

 in  circumcision,  661 

 in    conditions  associated 

with  drowsiness,  658 

 in  diabetes,  658 

 in  empyema,  658 

 ■          in  excision  of  jaw,  659 

 •  of  tongue,  659 

 in  lactation,  658 

 in     operations   for  cleft 

palate,  660 

 for  squint,  660 

 oil  abdomen,  661 
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Ansesthetic,  general,  choice  of,  in  opera-  1 
tions  on  breast,  661 

 on  eye,  660 

 ■  on  head,    neck,  face, 

and  pharynx,  659 

 on  larynx  or  trachea, 

661 

 on  neck,  659,  660 

 on  nose,  660 

 on  rectum,  661 

 within  skull,  660 

 in  pregnancy,  658 

 in  removal      of  many 

t<;eth,  659 

 of  tonsils  and  aden- 
oids, 659 

 in  renal  disease,  658 

 in  valvular  disease,  658 

 ether  as  {sec  Ether) 

 ethyl-chloride    as    {see  Kthyl- 

chloride) 

 nitrous-oxide  as  (see  Nitrous- 
oxide) 

 leprosy  (see  Leprosy,  nerve) 

  local,  680 

 (3-eucaine  as,  681 

 cocaine  as,  680 

 ■  novocaine  as,  681 

 tropacocaine  as,  681 

 {see  also  Anaesthesia,  local) 

 ■  spinal,  alypin  as,  693 

 cocaine  as,  693 

 •  determination  of  dosage  of,  696 

 eucaine  as,  693 

 injection  of,  697 

 ■  second,  703 

 novocaine  as,  694 

 stovaine  as,  694 

 •          tropacocaine  as,  693 

  (see  also  Anaesthesia;  Analgesia) 

Analgesia,  spinal,  688 

 ■          advantages  of,  691 

 anatomical  points  to  be  noted 

in,  690 

 •    asphyxia  in,  705 

 causes  of  failure  in,  702 

 •  of  inadequate?  flow  of  cere- 

bro-spinal  fluid  in,  702 

 cautions  to  nurses  in.  705 

 contra-indications  to.  691 

 —  dangers  of.  704 

 disadvantages  of,  692 

 duration  of,  701 

 general  anaesthesia  with,  703 

 haemorrhage  into  spinal  cord 

in,  704 

 ■   height  of,  699 

 high,  Jonnesco's  method  of,  706 

 results    of,    at  Seamen's 

Hospital,  706 
 treatment  of  patient  after, 

705 

 history  of,  688 

 in  children,  707 

 in  operations  on  thorax,  head, 

and  neck.  705 

 incontinence  of  fasces  in.  704 

 indications  for,  690 

 injury  to  cauda  equina  in.  704 


Analgesia,  spinal,  injury  to  spinal  cord 
in,  704 

 instruments  for,  694 

 mechanical  aids  to.  702 

 persistence  of  paresis  or  par- 

aesthesia  in,  704 
 phenomena  of,  during  opera- 
tion, 700 

 postoperative,  701 

 position  of  patient  in,  695 

 preparation  of  jjatient  tor,  694 

 retention  of  urine  in,  704 

 ■  septic  meningitis  in,  704 

 •  site  of  injection  in,  696 

 •  toxaemia  in,  704 

 (sec  also  Anaesthetic,  spinal) 

"  Anastomosis,  aneurysm  by  "  {see  An- 
gioma, plexiform) 

  arterio-venous,  222 

"  Aneur,ysni  by  anastomosis  "  {see  An- 
gioma, plexiform) 

  diagnosis  of  sarcoma  of  bones  from, 

504 

 myeloma  and,  404 

  thoracic.  X-ray  examination  in.  647 

  traumatic,  wounds  of  blood-vessels 

and,  278.  279 
Angina  Ludovici,  201 

 treatment  of,  202 

  pectoris  in  secondary  syphilis,  731 

Angioma,  405 

 ■  arterial  (sec  Angioma,  plexiform) 

 •  capillary,  405 

 situations  of,  406 

 •  structure  of,  406 

 ■  cavernous,  408 

 •  situations  of,  408 

 structure  of.  408 

  diagnosis  of,  412 

  haemorrhage  from.  407 

  of  bones,  411 

 ■  of  mucous  membranes.  407 

 of  muscles,  411 

 of  rectum,  411 

  of  synovial  membrane.  411 

 ■  of  tongue,  410 

  plexiform,  409 

 ■   ■  situations  of.  409,  410 

 structure  of,  410 

  treatment  of.  413 

  ulceration  of,  407 

 ■  venous,  410 

 ■   ■  varix  and,  410 

Angio-sarcoma,  486 

 hyaline  degeneration  of.  487 

  situations  of.  486 

 ■  structure  of,  486 

Ankylosis,  X-ray  examination  for,  634 
Anthrax,  893 

 antitoxic  serums  in.  97.  897 

  diagnosis  of,  896 

 etiology  of,  893 

  examination  of  blood  in.  896 

 lungs  in.  894 

  morbid  anatomy  of.  894 

 ■  prognosis  in,  897 

 ■  stomach  in,  894 

  symptoms  of,  895 

 treatment  of.  897 
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Anthrax,  treatment  of,  by  serum,  897 
Antianthrax  serums,  97,  897 
Antibacterial  serums,  91,  96 
Antibiosis,  16 
Antibodies,  28 

Antidiphtheria  serums,  75,  95 
Antigens,  28 
"  Antileucocidine,"  177 
Antipneumococcio  serums,  56 
Antirabic    serum    in    prophylaxis  of 

hydrophobia,  892 
Anti-scorpion  venine,  Todd's,  919 
Antiseptic  lotions  (see  Lotions) 
Antiseptics,  action  of,  on  bacteria,  15 
Antiserums,  91 
Antistreptococcic  serum,  96 
Antitetanus  serum,  66,  96,  884 
Antitoxic  serums,  91,  95 
Antitoxins,  29,  30 
Antrum,  carcinoma  of,  539 
Anus,  carcinoma  of,  553 

  chancre  of,  721 

Apoplectic  cysts,  594 

Appendix,  vermiform,  carcinoma  of,  553 
Arborescent  lipoma,  364 
Arsacetin  in  syphilis,  770 
Arsenic,  carcinoma  of  skin  and,  527 
Arterial  angioma  (see  Angioma,  plexi- 
form) 

Arterioles,  spasm  of,  gangrene  from,  223 
Arteritis  in  syphilis,  congenital,  797 

 tertiary,  747 

 ■  obliterans,  gangrene  from,  222 

Arthritis,  acute.  X-ray  examination  in, 
631 

 ■  gonorrhoeal,  846 

 •  preference  sites  of,  847 

 •   ■  X-ray  examination  in,  632 

  gouty.  X-ray  examination  in,  632 

  hypertrophic  osteo-.  X-ray  examina- 
tion in,  633 
  monarticular  osteo-.  X-ray  exam- 
ination in,  633 

  rheumatoid.  X-ray  examination  in, 

632 

Articular  disease,  chronic,  diagnosis  of 

sarcoma  from.  504 
Artillery  projectiles,  wounds  from,  275 
Arylarsonate  treatment  of  syphilis,  769 
Ascites,  chylous,  917 
Ascococcus,  definition  of,  5 
Asphyxia  in  spinal  analgesia,  705 
Asthma,  choice  of  aniesthetic  in,  658 
Atheroma  in  tertiary  syphilis,  748 
Atheromatous  cysts    (see   Cysts,  seba- 
ceous) 
Atoxyl  in  syphilis,  770 
Atoxylate  of  mercury  in  syphilis,  771 
Atypical  hypernephroma,  439 
Auditory    meatus,    external,  compact 

osteoma  of,  396 
Auto-inoculability    of    malignant  tu- 
mours, 466 

Bacilli,  59 

Bacillus  anthracis,  characters  of,  59, 
893 

 •          culture  of,  60 

 pathogenetic  action  of,  62 


Bacillus  anthracis,  toxin  of,  61 

 ■  coli  communis,  characters  of,  83 

 •  culture  of,  83 

 differentiation  of,  from  B. 

typhosus,  78 
 •  infections,   treatment  of, 

by  vaccines,  106 

  diphtherise,  characters  of,  72 

 culture  of,  73 

 inoculations  of,  75 

 ■  toxin  of,  74 

  Ducrey's  (see  Ducrey's  bacillus) 

  dysenteriae,  79 

  Hoffmann's   (see  Pseudo-diphtheria 

bacillus) 

  influenzae,  characters  of,  76 

 •          culture  of,  76 

 •  lactis  aerogenes,  79 

 ■  leprse,  characters  of,  84.  856 

 ■  mallei,  characters  of,  70 

 ■   ■  culture  of.  71 

 infections,    treatment   of,  by 

vaccines,  107 

 pathogenetic  action  of,  72 

 ■  toxins  of,  71 

  cedematis  maligni,  characters  of,  68 

 ■           culture  of,  68 

 distribution  of,  69 

 ■   •  toxins  of,  69 

 of  soft  sore  (see  Ducrey's  bacillus) 

  paratyphosus,  characters  of,  78 

 ■  pestis,  characters  of,  77 

 culture  of,  77 

  pneumoniae    infections,  treatment 

of,  by  vaccines,  107 

■         prodigiosus  in  suppuration,  170 

    toxins  of.  in  inoperable  sar- 
coma, 479 

  pseudo-diphtheria  (see  Pseudo- 
diphtheria  bacillus) 

  pyocyaneus,  characters  of.  77 

 culture  of.  77 

 infections,   treatment  of.  by 

vaccines.  107 

 •  ■  pathogenetic  action  of.  78 

 ■  tetani,  characters  of.  23,  63.  880 

 culture  of,  63 

 ■           distribution  of,  65 

 inoculations  with,  66 

    toxins  of.  65 

 virulence  of.  in  mixed  infec- 
tions. 170 

 '  tuberculosis,  characters  of.  79 

 culture  of.  80 

 •          in  chronic  abscess.  197 

 suppuration,  166.  168 

 infections,    treatment   of,  by 

vaccines,  107 

 inoculation  with.  80 

 toxins  of.  82 

  typhosus,  characters  of.  78 

 culture  of.  79 

 differentiation  of  from  B.  coli, 

78 

Bacteria.  3 

  aerobic.  17 

  agglutinins  and,  31 

  anaerobic,  17 

  antibiosis  and,  16 
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Bacteria,  antitoxins  and,  29 

 arrangement  of,  in  space,  4 

  assimilative  activity  of,  16 

 bacteriolysins  and,  32 

  biology  of,  10 

  chemical  action  of,  27 

 general  effect  of.  27 

 local  effect  of,  27 

 cliemiotaxis  and,  21 

  classification  of,  4 

  constitution  of,  5 

  dissimilative  activity  of,  16 

 distribution  of,  in  air,  22 

 in  (or  on)  animal  body,  24 

 in  sea-water,  23 

 in  soil,  23 

 in  wat^r,  23 

 on  skin  of  man,  24 

  effect  of  antiseptics  on,  15 

 •  of  chemical  agents  on.  14 

 ■  of  environment  on.  11 

 ■   ■  of  lack  of  food  on,  14 

 ■           of  moisture  on,  14 

 envelope  of,  6 

 enzymes  of,  19 

 essential  needs  of.  10 

  flagella  of,  6 

  forms  of,  3 

  growth  of,  naked-eye  appearance 

of,  9 

  heat-production  of,  17 

 ■  immunity  and  (sec  Immunity) 

•         in  air,  22 

  in  suspension,  macroscopic  exam- 
ination of,  44 

 microscopic  examination  of.  44 

  light-production  of,  17 

  making  of  cultures  of,  36 

  metabolic  products  of,  17 

  modes  of  invasion  of,  25 

 of  spread  of,  26 

  morphological  variations  of,  9 

  morphology  of,  general,  3 

  motility  of,  2C 

  pathogenetic  action  of,  25 

 general,  27 

 •   local,  27 

  phosphorescence  of,  17 

  pigments  of,  7 

  precipitins  and.  31 

  protoplasm  of,  6 

  pyogenetic,  toxic  delirium  due  to, 

339 

  relation  of,  to  atmospheric  pres- 
sure. 14 

  to  electricity,  14 

 to  free  oxygen,  11 

 to  light,  13 

 to  radiant  energy.  13 

 to  radium  emanations.  13 

 to  temperature,  12 

 to  X-rays,  13 

  reproduction  of,  by  direct  divi- 
sion, 7 

 by  spore-formation,  7 

 respiration  of.  17 

  saprophytic,  22 

  size  of,  3 

  spores  of,  8 


Bacteria,  structure  of,  5 

 symbiosis  and,  16 

  toxins  of,  19 

  (see  also  Bacillus;  Micro-organisms) 

Bacterial   growths,  naked-eye  appear- 
ance of,  9 

 ^  in      fluid  culture- 
medium,  9 

 on  solid  media,  9 

 separate  colouics  of.  10 

  inflammation,  131 

  suspension,  preparation  of,  48 

 vaccines,  97 

Bacteriological  examination  of  blood. 
35,  615 

 agglutination  phenomena 

in,  615 

 of  pleural  fluid,  36 

 of  pus,  36 

 of  tissues,  36 

 of  urine,  36 

Bacteriology,  surgical,  1 

■         technique  of,  34 

 collecting  blood  in.  35 

 pleural  fluid  in,  36 

  pus  in,  35 

 tissues  in,  36 

 •  ■  urine  in,  36 

•  making  of  cultures  in,  36 

 preparation  of  films  in,  37 

 staining  of  capsules  in.  42 

 of  films  in,  39 

 of  flagella  in,  41 

■  •  of  sections  in,  42 

 •  of  spores  in.  41 

 •  therapeutic  applications  of,  90 

Bacteriolysins.  32 

Bacterium  coli  commune  (see  Bacillus 

coli  communis) 
Balanitis,  836 

 •  symptoms  of.  836 

 treatment  of,  837 

Barker's  syringe  in  local  anaesthesia,  682 

 in  spinal  analgesia,  695 

Basal-celled  carcinoma,  532 
Basic  aniline  dyes,  staining  dried  films 
with,  39 

 ■  sections     of  tissues 

with,  42 

Bed-sore,  217 
Bees,  sting  of,  919 
Bence  Jones's  disease  (see  Myeloma) 
Benign  tumours  (see  Tumours,  benign) 
yS-eucaine  as  local  anaesthetic.  681,  682 
Bier's  treatment,  114 
 in    acute    circumscribed  ab- 
scess, 191 

 in  angina  Ludovici,  202 

 in  inflammation,  141 

 chronic.  146 

 ■           in  suppuration.  191 

Bilharzia  haematobia.  447 
Bilharzial  cirrhosis  of  liver,  905 

  haemoptysis.  905 

Bilharziosis,  898 

 •  of  bladder  and  kidney,  900 

 complications    of,  treat- 
ment of,  902 
 diagnosis  of.  901 
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Billiarziosis    of    bladder    and  kidney, 
symptoms  of,  900 

 ■  •  treatment  of,  901 

  of  female  generative  organs,  905 

 of  intestine,  903 

 symptoms  of,  904 

 treatment  of,  904 

  of  rectum,  904 

  of  urethra,  902 

 treatment  of,  903 

 parasite  of,  898 

  pathology  of,  898 

Biliary  ducts,  large,  carcinoma  of,  549 
Biniodide  of  mercury,  263 
Bismuth  meal  in  X-ray  examination,  622 
Bites  of  insects,  919 

 of  rabid  animals  (see  Hydrophobia) 

 of  scorpions,  918 

 of  snakes,  917 

  of  vipers,  918 

Bladder,  bilharziosis  of,  900 

  carcinoma  of,  555 

■  •  inflammation  of,  844 

  irritability  of,  900 

  muscular  fibres  of,  805 

 of  children,  sarcoma  of,  509 

  papilloma  of,  451 

Blanket-suture,  270 
Bleeders,  320 

Blood,  examination  of,  611 

 bacteriological,  615 

 in  anthrax,  896 

 in  glanders,  871 

 microscopical,  611 

 •   •  value  of,  in  diagnosis,  611 

  modes  of  collecting,  for  examina- 
tion, 35 

Blood-corpuscles,  red,  ,  escape  of,  in 
acute  inflammation,  114 

  white  (see  Leucocytes) 

Blood-cultures,  value  of,  615 
Blood-cysts,  594 
Blood-films,  preparation  of,  38 
Blood-platelets  in  acute  inflammation, 
112 

Blood-serum,  coagulated,  in  bacterial 
cultures,  37 

Blood-stream,  slowing  of,  in  acuto  in- 
flammation, 111 

Blood-tumour  (see  Haematoma) 

Blood-vessels,  calcareous  degeneration 
of,  219 

  escape  of  blood  from  (see  Haemor- 
rhage) 

  gangrene  from  degeneration  of,  219 

 from  disease  of,  219 

 from  injury  to,  215 

 from  ligation  of,  214 

  in  sarcoma,  481 

  invasion  of,  by  tumour  cells,  458 

  repair  in,  159 

 wounds  of,  from  rifle  bullets,  278 

Blue  pill,  formula  of,  759 

Bone,  repair  of,  158 

Bones,  actinomycosis  in,  877 

  angioma  of,  411 

 chondroma  of,  385 

 ■  diseases  of.  X-ray  examination  in, 

638 


Bones,  fibroma  of,  376 

  fractures  of,  from  rifle  bullets,  280 

  inflammation  in,  126 

 ■  metastases  of  sarcoma  in,  493 

  operations  on,  local  anaesthesia  for, 

686 

 sarcoma  of,  499 

  syphilis  of,  secondary,  737 

 ■  tertiary,  745 

Boric  acid,  265 
Bot-fly,  lesions  due  to,  920 
Bouton  de  Baghdad,  854 
Brain,  actinomycosis  in,  878 

 ■  delirium  after  injuries  to,  342 

  repair  of,  160 

  sarcoma  of,  511 

 tertiary  syphilis  of,  748 

Branchiogenetic  carcinoma,  531 
"  Brawny  arm  of  cancer,"  568 

"  cancer,"  572 

Breast,  adenoma  of,  431 

 carcinoma  of   (see  Carcinoma  of 

breast) 

 ■  cystic  adenoma  of,  431.  433 

  flbro-adenoma  of,  431,  432 

  fibroma  of,  379 

  intracystic  papilloma  in,  453 

  operations  on,  choice  of  ansesthetic 

in,  661 

  sarcoma  of  (see  Sarcoma  of  breast) 

Bronchial  tubes,  carcinoma  of,  545 
Bronchiectasis,  545 
Bruises,  238 

  treatment  of,  240 

Bugs,  bites  of,  919 
Buried  suture.  267 

Burn  scars,  carcinoma  of  skin  and,  526 
Burns,  291 

 classification  of,  292 

 clinical  asijects  of,  292 

 effects  of,  general,  293 

 local,  292 

  electric,  301 

  inflammation  from,  296 

  modes  of  death  from,  296 

 ■  mortality  from,  291 

 pathology  of,  296 

  shock  from,  294,  324 

 suppuration  from,  296 

 treatment  of,  general,  297 

 local,  298 

Bursse,  tertiary  syphilis  of,  746 

C.E.  mixture,  655 

 administration  of,  655 

GL.  Tuberculin,  108 

Cocheria  of  malignant  disease,  474 

  of  secondary  syphilis,  730 

CEECum,  carcinoma  of,  552 

Calcareous  degeneration  in  fibro-myoma 

of  uterus,  427 
Calcification  of  sebaceous  cyst,  592 
Calcium    chloride    in    treatment  of 

hasmorrhage,  312 
Calculus,   biliary.    X-ray  examination 
for,  624 

  prostatic.  X-ray  examination  for, 

629 

 renal.  X-ray  examination  for,  626 
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Calculus,  Salivary,  X-ray  examination 
for,  622 

  ureteric,    X-ray   examination  for, 

626 

  vesical.  X-ray  examination  for,  629 

Callus,  formation  of,  158 
Calmette's  reaction  in  tuberculous  ab- 
scess, 199 
 ■  tuberculin,  108 

Calomel  for  intramuscular  injection,  767 
Cancellous  osteoma  {see  Osteoma,  can- 
cellous) 
"  Cancer,  brawny,"  572 

"          chimney-sweep's,"  560 

"          cures,"  so-called,  478 

"          duct,"  575 

  kangri,  468,  525 

  (see  also  Carcinoma) 

Cancerous  cachexia,  474 
Cancrum  oris,  232 

Capillary  angioma  (sec  Angioma,  capil- 
lary) 

 ■  lymphangioma,  413 

Capsules,  staining  of,  42 
Carbolic  acid,  264 
Carbon  dioxide  in  angioma,  413 
Carbuncle,  treatment  of,  192 
Carcinoma,  512 

  basal-celled,  532 

 ■  branchiogenetic,  531 

 causation  of,  age-incidence  and,  471 

 distribution      of  peripheral 

nerves  and,  468 

 heredity  and,  470 

 influence  of  gall-stones  in,  472 

 parasitic  theory  of,  463,  467 

 predisposing  factors  in,  468 

 sex-incidence  and,  471 

 (see  also  Tumours,  malignant, 

causation  of) 
 cells,  513 

 alveolar  arrangement  of,  513 

  diminution   of   chromatin  in, 

464 

    mitosis  in,  464 

 resemblance  of,   to  epithelial 

cells,  513,  518 

 colloid  degeneration  of,  519 

 columnar-celled,  517 

 metastases  of,  523 

 diagnosis  of  adenoma  from,  430 

 of  sarcoma  from,  454 

 duration  of  life  and,  474 

—  etiology  of  (sec  Carcinoma,  causa- 

tion of) 

—  experimental  transmission  of,  465 
 extension  of,  520 

 to  lymphatic  glands,  520 

 extravasation  of  blood  in.  519 

 fatty  degeneration  of,  519 

  geographical  distribution  of,  471 

  glandular-celled,  515 

  metastases  of,  463,  522 

 in  bone,  523 

 — —  structure  of,  523 

 necrotic  softening  of,  519 

 of  adrenal,  555 

 nt  antrum.  539 

  i>f  anus,  553 

3H 


Carcinoma  of  biliary  ducts,  549 

  of  bladder,  555 

 •  of  body  of  uterus,  578 

  of  bone,  secondary.  X-ray  examina- 
tion in,  641 

  of  both  breasts,  571 

  of  breast,  561,  572 

 columnar-celled,  575 

 encephaloid,  571 

 hard,  566 

 ■ —  clinical  features  of.  568 

 diffuse,  570 

 origin  of,  571 

 •   ■           shrinkage  caused  by,  567 

 •  ■  lymphatic  invasion  of,  568 

 metastases  of,  574 

 operation  for,  570 

 ■  precancerous   conditions  and. 

562 

 relation  of.  to  Paget's  disease, 

564,  565,  566 
 soft,  571 

 extreme  malignancy  of.  572 

 "  peau  d'orange  "  appear- 
ance of,  572 

 ■  of  bronchial  tubes,  545 

 of  caecum,  552 

  of  cervix  uteri.  576 

 •  of  duodenum,  551 

  of  face,  529 

 as     sequela     of  tuberculous 

lupus,  529 

 •  of  Fallopian  tube,  582 

  of  gall-bladder,  548 

 colloid  degeneration  of,  549 

 gall-stones  and.  549 

•  metastases  of,  549 

  of  gums,  538 

  of  hard  palate.  538 

  of  intestine,  550 

 ■  colloid  degeneration  of,  550 

 varieties  of,  550 

  of  jaws,  538 

 course  of,  541 

 ■           origin  of,  540 

 situations  of,  538 

 structure  of,  540 

  of  jejunum,  551 

  of  kidney,  555 

 ■  of  large  intestine.  551 

 —  extension  of,  552 

 •  metastases  of,  552 

 suppuration  and,  552 

  of  larynx,  545 

 extrinsic,  545 

 intrinsic,  545 

  of  lips,  534 

  of  liver,  548 

  of  lung,  546 

 of  nasal  cavity,  542 

  of  neck.  529.  530 

 cysts  and,  530 

  of  oesophagus.  546 

 •  X-ray  examination  in,  649 

  of  ovary,  581 

 of  pancreas,  549 

  of  penis,  558 

 course  of,  559 

 relation  of,  to  phimosis,  559 
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Carcinoma  of  pharynx,  542 

  of  prostate,  556 

 metastases  of,  in  bone,  557 

  of  pylorus,  547 

  of  rectum,  553 

 of  salivary  glands,  542 

 ■  of  scalp,  528 

 of  scrotum,  560 

 ■          irritation  and,  560 

 •  of  skin,  525 

  arsenic  and,  527 

 at  orifice  of  sinus,  526 

 burn  scars  and,  526 

 —  irritation  and,  525,  527 

 mechanical  irritation  and,  528 

 ■  scarring  and,  525,  52-5 

   •  ulceration  and,  525,  526 

 •  warty  form  of,  525 

  of  small  intestine,  551 

 of  soft  palate,  542 

 of  stomach,  546 

    colloid  degeneration  of,  547 

 favourite  site  of,  547 

 varieties  of,  546 

  of  testicle,  558 

  of  thoracic  duct,  461 

 of  thyroid  gland,  542 

 metastases  of,  544 

 structure  of,  543 

 of  tongue,  535 

 •  differentiation  of  gumma  from, 

741 

 earliest  stages  of,  536,  537 

 extension  of,  537 

 ■  operation  for,  538 

 origin  of,  536 

 structure  of,  536 

  of  tonsil,  542 

  of  trachea,  545 

  of  ureter,  555 

  of  urethra,  558 

 of  uterus,  576 

  of  vagina,  582 

 of  vermiform  appendix,  553 

 of  vulva,  582 

 relation  of  kraurosis  vulvae  to, 

583 

 of  leucoplakic  vulvitis  to, 

582 

 ■  permeation  of  lymphatics  by,  461 

  rodent  (see  Rodent  ulcer) 

  secondary  changes  in,  519 

 •  diagnosis  of  sarcoma  of  bones 

from,  504 

  simplex,  514 

 metastases  of,  522,  523 

 ■  situations  of,  525 

 spheroidal-oell«d,  515 

  squamous-celled,  515 

 keratinization  of,  515 

  stroma  of,  513 

  structure  of,  513 

 •  supposed  increased  frequency  of,  473 

 ■  suppuration  in,  519 

  tubular,  of  antrum,  539 

 ulceration  in,  519 

  X-ray,  528 

  zoological  distribution  of,  471 

 [see  also  Tumours,  malignant) 


Carcinomatous  mastitis,  572' 
Carmine-Gram    stain    for    sections   of  ■ 

tissues,  42 
Cartilage,  repair  of,  155 
Cartilaginous  tumours  (see  Chondroma) 
Catarrhal  inflammation,  130 
Cat-fish,  wounds  inflicted  by,  921 
Catgut  for  ligatures  and  sutures,  262 
Cauda  equina,  injury  to,  in  spinal  anal- 
gesia, 704 

Cavernous  angioma  (see  Angioma, 
cavernous) 

  lymphangioma  (see  Lymphangi- 
oma, cavernous) 

Cellulitis  of  neck,  operation  for,  choice 
of  anaesthetic  in,  660 

Cementoma,  398 

Centipedes,  bites  of,  919 

Central  nervous  system,  congenital 
syphilis  of,  800 

 glioma  of,  382 

  sarcoma  of  long  bones,  499 

Cephalalgia,  syphilitic,  736 

Cerebral  meninges,  sarcoma  of,  506 

  syphilis,  748 

 •  tumour,  choice  of  anaesthetic  in, 

658 

Cerebro-spinal  fluid,  examination  of,  616 

 chemical,  616 

 microscopical,  616 

 in  epidemic  cerebro- 
spinal meningitis, 
617 

 in  purulent  mening- 
itis, 617 

 in  sleeping  sickness, 

617 

 in  tuberculous  men- 
ingitis, 617 

 leucocytosis    of,    in  tertiary 

syphilis,  749 

 lumbar  puncture  for  with- 
drawal of,  618 

 lymphocytosis  of,  in  congeni- 
tal syphilis,  802 

 ■  mode  of  collecting  for  bac- 
terial examination,  36 

 use  of,  in  Wassermann's  re- 
action, 618 

 meningitis,    diagnosis    of  tetanus 

from,  883 

 •  syphilis,  749 

Cervical  rib.  X-ray  examination  for,  641 
Chancre,  anal,  721 

  and  chancroid,  diagnosis  between, 

724 

  and  lymphangitis,  723 

 annular,  719 

 ■  at  base  of  penis,  721 

  auto-inoculability  of,  722 

  characters  of,  718 

 complications  of,  722 

  concealed,  721 

  diagnosis  of,  723 

 •  by  Wassermann's  reaction,  723 

 dry  papular,  719 

  ecthymatous,  719 

  eroded,  719 

  extra-genital,  720,  725 
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Chancre,  facial,  726 

  genital,  720 

  induration  of,  719 

•         inflamed,  720 

  inflammation  of,  seiitic,  722 

 simple,  722 

■        labial,  725 

 differentiation    of,    from  epi- 
thelioma, 725 

  mixed,  720,  723 

■  modification  of,  by  chancroid,  722 

  of  breast,  726 

•        of  corona,  720 

— —  of  eye,  726 

  of  finger,  725 

 of  glans  penis,  720 

  of  groin,  722 

 of  tongue,  726 

  of  tonsil,  725 

  of  urinary  meatus,  721 

 Iiarclinient-like.  719 

  l)ath..l,,tjy  of,  717 

 ■  pliaged;euic,  720,  722 

 treatment  of.  728 

  preputial,  721 

  prognosis  of,  726 

  redux,  720 

  relai5sing,  720 

 •  —  false,  720 

 •          true,  720 

 ■  relation  of  character  of,  to  severity 

of  disease,  727 

  scrotal,  721 

  silvery  spot,  720 

  sites  of,  720 

 soft  (see  Ulcus  moUe) 

  specially  indurated,  719 

  subpreputial,  721 

 ■  treatment  of,  local.  727 

 urethral,  721 

•  vaccination,  726 

 ■  varieties  of.  719 

Chancroid  (see  Ulcus  molle) 
Charbon,  893 

Charcot's  disease,  S-ray  examination  in, 
634 

Cheloid,  368 

 ■  treatment  of,  369 

Chemiotaxis,  123 

Chest,  wounds  of,  from  rifle  bullets,  286 
Chigger  lesions,  920 

 diagnosis  of,  921 

■  prophylaxis  in.  921 

 treatment  of.  921 

Cliildbirth,  choice  of  anaesthetic  in,  658 
Children,  spinal  analgesia  in.  707 
"  Chimney-sweep's  cancer,"  560 
Chloroform,  administration  of,  672 

 by  drop-bottle  and  mask,  672 

 by  inhaler,  674 

    in  phthisis,  557 

  inhaler,  Alcock's.  676 

 Junker's.  -674 

 plenum  class  of,  674 

•  vacuum  class  of,  677 

 Vernon-Harcourt's,  677 

Chloroma,  424 
Chomel's  pill,  757 
Chondro-endothelioma,  419 


Chondroma,  383 

 diagnosis  of.  390 

  of  bones,  385 

  of  fascia-,  389 

  of  hand,  385 

 of  lower  end  of  femur,  385 

■         of  muscles,  389 

  of  pelvic  wall,  388 

  of  rib,  388 

  of  thoracic  wall,  388 

  of  tongue,  390 

  ossifying  (see  Osteoma,  cancellous) 

  structure  of,  384 

  treatment  of,  391 

Chondro-sarcoma,  490 
Chorion-epithelioma,  513,  578 

 metastases  of,  581 

  microscopic  features  of,  579 

  of  testicle,  588 

  of  uterus,  578 

 relation  of,  to  pregnancy.  579 

Choroiditis  in  congenital  syphilis,  800 

Chromatophores,  449 

Chronic  abscess  (see  Abscess,  chronic) 

•        inflammation     (see  Inflammation, 

chronic) 

  suppuration      (see  Suppuration, 

chronic) 

Chrysomyia  macellaria,  lesions  due  to. 
920 

Chylous  ascites,  917 

  cysts,  594 

  diarrhoea,  917 

  hydrocele,  916 

Chyluria.  916 

  prognosis  in.  917 

  treatment  of.  917 

Circinate  syphilide.  733 

Circulation,  general,  gangrene  from  im- 
pairment of,  211 

Circumcision,  choice  of  general  anes- 
thetic in,  661 

  local  anresthesia  for,  687 

Cirsoid  aneurysm  (sec  Angioma,  plexi- 
form) 

Clamps,  metal,  270 

Clasmatocytcs  in  granulation  tissue, 
151 

  in  inflammatory  exudates,  121 

Cleft  palate,  operation  for,  choice  of 

anaesthetic  in.  660 
Clover's  inhaler,  663 
Coaptation,  methods  of,  267 
Cocaine  in  antesthesia,  locp.l,  6Sft 

 spinal,  693 

Cocci,  48 
Coko,  851 

"  Cold  steel,"  wounds  from,  274 

Coley's  fluid  in  treatment  of  inoperable 

malignant  tumours,  479 
Collapse,  differentiation  of,  from  shock, 

328 

Colles's  law,  789 

Colloid  adenoma  of  thyroid,  457 

  carcinoma  of  breast.  572 

■  ■  degeneration  in  carcinoma,  519.  547, 

549,  550 

Columnar-called  carcinoma.  517 
 of  breast,  575 
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Communicability  ot  malignant  tumours, 
465 

Compact  osteoma  (see  Osteoma,  com- 
pact) 

Complement  fixation  (see  Wassermann 

reaction) 
Composite  odontoma,  399 
Compound  follicular  odontoma,  398 
Compressor  urethrje,  806 
Condyloma  in  syphilis,  acquired,  448, 
735 

■  congenital,  792 

Congenital  mole,  449 

  sacro-coccygeal  tumour  of  spine,  589 

•  ■  sebaceous  cysts,  592 

  syphilis  (see  Syphilis,  congenital) 

Conjunctiva,    capillary  lymphangioma 
of,  413 

Conjunctivitis,  gonorrhoeal,  845 

■  treatment  of,  846 

Constitutional  disturbances,  304 
Continuous  mattress-suture,  270 

■        suture,  270 

  crossed,  270 

 simple,  270 

Contused  wounds,  241 
Corn,  447 

Cornea,  repair  of  wounds  of,  153 
Corrosive  sublimate,  264 
"  Countryman's  lip,"  534 
Cowper's  gland,  gonorrhoeal  inflamma- 
tion of,  838 
Coxa  vara.  X-ray  examination  in,  642 
"  Crab  yaws,"  852 
Cranium,  teratoma  of,  588 
Crateriform  ulcer,  529 
Creolin,  265 

Crossed  continuous  suture,  270 
Cultures  of  bacteria,  making  of.  36 
Cushing  right-angle  suture,  270 
Cutaneous  horn,  448 

  lesions,  extensive,  shock  from,  304 

Cylindroma,  487 
Cyllin,  265 

Cystic  adenoma  of  breast,  431.  433 

  disease,  multilocular,  398,  539 

  embryoma  of  testicle,  588 

  epithelioma,  398.  539 

  hygroma  (see  Lymphangioma,  ca- 
vernous) 
Cysticercus  cellulosae,  603 
Cystitis,  gonorrhoeal,  844 
Cysto-sarcoma,  434 
Cysts,  591 

  acephalo-,  600 

  apoplectic,  594 

  atheromatous   (see   Cysts,  sebace- 
ous) 

  blood,  594 

•  chylous,  594 

  classification  of,  591 

  dentigerous.  598 

  dermoid,  594 

 at  root  ot  nose.  59  5 

 intracranial,  597 

 •  of  external  ear,  596 

 ■           of  face.  595 

 of  head,  595 

  of  neck,  597 


Cysts,  dermoid,  of  orbit.  596 

 of  scalp,  596 

 ot  tongue,  597 

 of  trunk,  597 

 sequestration,  594 

 simple,  594 

 traumatic,  598 

 ■           tubulo-,  594 

•  exudation,  593 

 varieties  of,  593 

  glandular  retention,  591 

■  varieties  of,  591 

  hydatid  (see  Hydatid  cyst) 

  implantation,  598 

  mucous,  593 

 •  multilocular  ovarian,  442 

 ■   ■   ■  papillomatous,  443 

 ■  simple,  443 

 papilloma  in,  453 

 parasitic,    598    (see    also  Hydatid 

cyst) 

  parovarian,  papilloma  in,  453 

  sebaceous,  591 

 calcification  ot,  592 

 congenital,  592 

 ■           formation  of  sebaceous  horn 

in,  592 

 inflammation  and,  592 

 supervention     of  malignant 

disease  in,  593 

 suppuration  and.  592 

  ulceration  and,  592 

  serous,  593 

Cytology,  importance  of,  in  diagnosis, 
115 

Dactylitis  syphilitica,  congenital,  795 
Dark-background  method  of  examina- 
tion for  Spirochaete  pallida,  716 
De  Morgan's  spots,  408 
Deep  suture,  267 

Deformities,  X-ray  examination  of.  641 
Delhi  boil,  clinical  appearances  of.  854 

 ■  diagnosis  ot,  855 

 •  etiology  of,  854,  855 

 pathology  of,  854 

 prognosis  in,  855 

 treatment  of,  855 

Delirium  after  injuries  to  brain,  342 

  nervosum  (see  Delirium,  traumatic) 

  toxic,  339 

 •           due  to  iodoform  poisoning,  340 

 to  pyogenetio  bacteria.  339 

 treatment  of,  340 

  traumatic,  338 

 prognosis  in,  339 

 •          treatment  of.  339 

  tremens,  alcohol  and,  340 

 ■  prognosis  in.  341 

 •  stages  of,  340 

 •  treatment  of,  341 

Denticles,  398 
Dentigerous  cysts,  598 
Dermatobia   cyaniventris,   lesions  due 
to,  920 

Dermatophilus  penetrans  (see  Chigger) 
Dermoid  cysts  (see  Cysts,  dermoid) 

  of  ovary,  585 

  ot  testicle,  588 
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Diabetes,  choice  of  anaesthetic  in,  658 

  gangrene  from,  235 

Diarrhoea,  chylous,  917 

Diffuse  lipoma  (see  Ijipoma,  diffuse) 

  myeloma,  405 

 ■  myocarditis.  797 

  neuro-fibromatosis,  370 

 •  i5seudo-lipoma,  361 

Dilatation  of  oesophagus,  simple,  X-ray 
examination  in,  t49 

Dilated  lymphatic  varices,  916 

Diphtheria,  antitoxic  serum  in,  75,  95 

 in  prophylaxis  of,  75 

  bacillus  (see  Bacillus  diphtherias) 

Diplobacillus,  definition  of,  5 

Diplococcus,  definition  of,  5 

 intracellularis  meningitidis,  cha- 
racters of,  56 

 •           culture  of,  57 

 pathogenetic  action  of,  57 

  pneumoniae  (see  Pneumococcus) 

Dislocations,  traumatic.  X-ray  examina- 
tion for,  630 

Division  neuroma,  429 

Doyen's  gag  in  general  ansesthesia,  659 

Dracunculus  medinensis,  characters  of, 
906 

•  extraction  of,  906 

Drowning,  606 

 ■  stages  of,  606 

  treatment  of,  607 

■   application  of  warmth  in,  610 

 ■          by   mouth-t-o-mouth  inflation, 

610 

 ■  ■        by  Schafer's  method,  610 

 by  Silvester's  method,  610 

Dubois's  abscesses,  800 

Ducrey's  bacillus,  characters  of,  88,  834 

 •  culture  of,  89 

 •  inoculation  with,  89 

"  Duct  cancer,"  575 

  papilloma  (sec  Papilloma,  duct) 

Duodenum,  carcinoma  of,  551 
Dupuytrcn's  pill,  757 

 Fournier's  modification  of,  757 

Durham-Grunbaum  reaction,  615 
Dysentery,  bilharzial,  90'A  ■ 

Ear,  affections  of,  in  congenital  syphilis, 
801 

  external,  dermoid  cysts  of.  596 

Eberth-Gaffky    bacillus     (see  Bacillus 

typhosus) 
Elastic  tissue,  repair  of,  155 
Electric  burns,  301 

  currents,  injuries  from.  302 

 treatment  of,  302 

  shocks,  301 

Electricity,  effect  of,  on  bacteria,  14 
Electrolysis  in  angioma,  413 
Elephantiasis,  false,  914 

  neuromatosa,  374 

 in  leg,  375,  376 

 in  neck,  374 

  of  legs,  914 

 treatment  of,  914 

 of  penis,  911 

 treatment  of,  913 

  of  scrotum,  911 


Elephantiasis  of  scrotum,  treatment  of, 
913 

Elephantoid  fever,  910 

 treatment  of,  910 

Embolism,  gangrene  from,  212 
Embryoma,  cystic,  of  testicle,  588 
Embryoma,  malignant,  of  ovary,  585 

  of  testicle,  586 

Embryonic  tumour  (sec  Sarcoma  of 
kidney) 

Emphysematous  gangrene,  230 

Emprosthotonos,  882 

Empyema,  choice  of  anaesthetic  in,  658 

  of  antrum.  X-ray  examination  in, 

650 

  position  of  patient  in  anaesthesia 

in,  677 

Encephaloid  carcinoma  of  breast,  571 

  tumours,  454 

Enchondroma  (sec  Chondroma) 
Endarteritis  obliterans,  747 

 in  congenital  syphilis,  797 

Endormal  suture,  270 

Endocarditis,  gonorrhceal,  848 

Endogenous  cyst,  600 

Endophlebitis  in  congenital  syphilis,  797 

Endoscope,  Schall's,  823 

  Valentine's,  824 

Endosteal  sarcoma  of  long  bones,  499 
Endothelial  cells  in  pus,  176 

  sarcoma  (see  Sarcoma,  endothelial! 

Endothelioma,  415 

  general  characters  of,  419 

 histological  features  of,  417 

  malignant  (.sec  Sarcoma,  endothe- 
lial) 

  microscopic  structure  of,  416 

  of  tongue,  498 

 •  situations  of,  415 

  stroma  of,  417 

Endothelium,  vascular,  relation  of,  to 

secondary  malignant  tumours,  460 
Endotoxins,  20 
Enzymes  of  bacteria,  19 
Eosinophiles,     coars'cly     granular,  in 
acute  inflammation,  117 

 in  inflammatory  exudates, 

117 

Eosinophilia,  614 

  in  Guinea-worm  infection,  906 

Epidemic  cerebro-spinal  meningitis,  ex- 
amination of  cerebro-spinal  fluid  in, 
617 

Epididymitis,  gonorrhceal,  839 

 diagnosis  of.  840 

 symptoms  of,  839 

 treatment  of,  840 

  in  secondary  syphilis,  737 

Epithelial  cells  in  repair,  152 

  odontoma,  398,  541 

Epithelioma,     chorion-     (see  Chorion- 
epithelioma) 

 cystic,  398,  539 

 •  following  bilharziosis,  899 

 •  use  of  term,  454 

  (see  also  Carcinoma) 

Epithelium,  essential  constituent  of  car- 
cinoma, 512 
Epulis,  fibrous,  376 
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Ergot  in  treatment  of  haemorrhage,  311 

 of  shock,  332 

Ergotin  in  treatment  of  shock,  332 
Ergotism,  gangrene  from,  224 
Erythema  in  congenital  syphilis,  791 
Erythematous  syphilide,  731 
Ether,    administration    of,    by  close 
method,  663 

 by  open  method,  662 

 ■   •  by  semi-close  method,  665 

  as  anaesthetic,  657,  661 

  preceded  with  ethyl-chloride.  655 

 ■  with  nitrous-oxide,  665 

Ethyl-chloride,  administration  of,  670 

  preceded  with  ether,  665 

Eucaine  as  anaesthetic,  local,  681,  682 

   •  spinal,  693 

Exogenous  cyst,  600 

Exostosis  in  tertiary  syphilis,  745 

  ivory  (see  Osteoma,  compact) 

  subungual,  393 

 X-ray  examination  in,  640 

 •  (see  also  Osteoma) 

Exotoxins,  20 

Extracellular  action  of  cells  of  inflam- 
matory exudates,  124 

Extravasation  of  blood  in  carcinoma, 
519 

Exudates,  inflammatory  (see  Inflamma- 
tory exudates) 
Exudation  cysts,  593 

 ■  varieties  of,  593 

Eye,  affections  of.  in  syphilis,  congeni- 
tal, 800 

 •   •  secondary,  736 

  choice  of  anaesthetic  in  operations 

on,  660 

 •  sarcoma  of,  512 

  (see  also  Orbit) 

Face,  carcinoma  of,  529 

  dermoid  cysts  of,  595 

  operations  on,  choice  of  antesthetic 

in,  659 
Facultative  parasites,  11 
  saprophytes,  11 

Faeces,  incontinence  of,  in  spinal  anal- 
gesia, 704 
Fallopian  tubes,  carcinoma  of,  582 

■  repair  in,  164 

"  Farcy  buds."  868 
FascicB,  chondroma  of,  389 

  deep,  sarcoma  of,  497 

 ■  fibroma  of,  369 

Fatty  degeneration  of  carcinoma,  519 

  tissue,  repair  in,  156 

Female  generative  organs,  bilharziosis 
of,  905 

 congenital  syphilis  of,  799 

Femur,  cancellous  osteoma  of,  393 

  chondroma  of,  385 

Fever.  342 

  aseptic  traumatic,  342 

 ■   ■  treatment  of.  343 

 ■  associated  with  brain  lesions.  347 

 ■   ■   •  treatment  of.  347 

■  with  cord  lesions,  347 

 •  ■          treatment  of,  347 

  elephantoid,  910 


Fever  in  secondary  syphilis,  729 

  infective,  343 

•        septic  traumatic,  343 

 ■  ■  treatment  of,  345 

Fevers,  specific  infectious,  346 

 treatment  of,  346 

Fibrillae  of  fibroblasts,  152 
Fibrin,  formation  of,  112 
Fibrinogen,  112 

Fibrinous  inflammation,  acute,  127 
Fibro-adenoma  of  breast,  431,  432 
Fibroblasts  in  granulation  tissue,  152 

 ■  in  inflammatory  exudates,  121 

Fibro-cystio  tumour,  427 
Fibroid,  recurrent,  367,  369 

  (see  also  Fibroma) 

Fibroids  of  uterus  (see  Fibi-o-myoma  of 

uterus) 
Fibroma,  364 

 •  diagnosis  of,  366 

 •  hard,  365 

 •  modifications  of  structure  of.  366 

 ■  of  bones,  376 

 ■  of  breast,  379 

 of  fasciae,  369 

 •  of  glands,  379 

  of  jaws,  378 

 of  kidney,  380 

 of  muscles,  369 

 of  naso-pharynx,  379 

  of  nerves,  370 

 ■  •  diffuse.  370 

 •   ■  simple,  370 

 treatment  of,  376 

 (see  also  Neuro-fibroma) 

  of  ovary,  380 

 of  penis,  380 

 ■  of  skin,  367 

 ■           treatment  of,  369 

 ■  soft,  365 

■  ■  subcutaneous,  367 

 •  treatment  of,  369 

  submucous,  379 

 in  intestine,  379 

 in  oesophagus.  379 

 ■  in  stomach,  379 

Fibro-myoma  of  alimentary  canal,  428 

  of  oesophagus.  428 

  of  stomach,  428 

  of  uterus.  425 

 calcareous  degeneration  in,  427 

 hyaline  degeneration  in,  427 

 mucoid  degeneration  in,  427 

 "  red  degeneration  "  in,  427 

 sarcomatous  transformation 

of,  428 

 •  structure  of,  427 

Fibro-sarcoma,  367,  369,  490 

 •  of  skin,  494 

Fibrous  epulis,  375 

  odontoma,  378.  398 

 •  tumours  (see  Fibroma) 

Field  Ambulance,  work  of,  277 
Filaria  Bancrofti,  characters  of,  907 

 embryos  of,  908 

  nocturna,  characters  of,  908 

Filarial  abscess,  910 

 treatment  of,  910 

  orchitis,  916 
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Filarial  synovitis,  916 
Filariasis,  907 

 clinical  manifestations  of.  910 

  parasite  of,  907 

■        pathological  effects  of,  909 

 symptoms  of,  909 

 transmission  of,  908 

Films,  blood,  preparation  of,  38 

 drie'd,  staining  of,  39 

  preparation  of,  37 

  urine,  preparation  of,  38 

  wet,  preparation  of,  38 

First  intention,  healing  by,  151 

Fish,  poisoned  wounds  inflicted  by,  921 

Fissure,  241 

Flagella  of  bacteria,  6 

  staining  of,  41 

Flat-foot,  X-ray  examination  in,  642 

Fluids,  general  method  for  collecting, 
for  examination,  34 

Fluorescent-screen  method  of  X-ray  ex- 
amination, 619 

Follicular  odontoma,  compound,  398 

  syphilide,  752 

Foreign  bodies  in  bladder.  X-ray  exam- 
ination for,  629 

 in  joints.    X-ray  examination 

for,  634 

 in  pharynx.  X-ray  examina- 
tion for,  622 

 in  urethra.  X-ray  examination 

for.  629 

Formalin,  265 

Fournier's  modification  of  Dnpuvtren's 
pill,  757 

 of  Ricord's  pill,  759 

Fractures  of  bones  from  rifle  bullets,  280 

  of  skull  from  rifle  bullets,  283 

  pathological   conditions  following, 

502 

  sarcomatous  changes  in,  469,  502 

  X-ray  examination  of.  630.  635 

Framboesia  tropica  (kcc  Yaws) 
Friar's  balsam.  266 
Friction  wounds.  241 

Frontal  sinus,  compact  osteoma  of.  394 

 X-ra.y  examination  of.  650 

Frontier  sore,  854 

Fundus  oculi,  changes  in.  in  congenital 

syphilis.  800 
Furnnculnsis  of  skin  due  to  larvae  of 

flies,  920 

Gad-fly.  lesions  due  to.  920 
Gall-bladder,  carcinoma  of  (sec  Carci- 
noma of  gall-bladder) 
Gall-stones,  relation  of.  to  carcinoma, 
472,  549 

 X-ray  examination  for,  624 

Galvano-cautery  in  angioma,  412 
Gametoid  tissue,  465 
Gangrene,  203 

  classification  of,  210 

  dry,  204 

 line  of  separation  in.  208 

 minute  changes  in.  205 

■  symptoms  of.  205 

•         emphysematous.  230 

  from  arteritis  obliterans,  222 


Gangrene  from  chemical  agents,  227 

  from  circulatory  disturbances,  211 

  from  cold,  227 

  from  defective  innervation,  225 

  from  diabetes,  235 

  from  disease  and  degeneration  of 

vessels,  219 

  from  embolism,  212 

  from  ergotism,  224 

  from  escharotics,  228 

  from  heat,  227 

  from  impairment  of  general  circn- 

latiou,  2U 

  from  infective  processes,  229 

  from  inflammation,  acute,  230 

  from  injury,  226 

 to  vessels,  215 

  from  ligation  of  vessels,  214 

  from  local  application  of  carbolic 

acid,  228 

  from  physical  agents,  227 

  from  pressure,  217 

  from  llaynaud's  disease,  223 

  from  spasm  of  arterioles,  223 

 from  thrombosis,  arterial,  213 

 venous,  213 

  glycosuria  and,  205 

  in  ulcus  molle,  835 

  inflammation  and.  203 

 moist,  206 

 aseptic,  206 

 line  of  separation  in,  209 

 symptoms  of,  207 

  septic,  207 

 line  of  separation  in,  209 

 minute  changes  in,  207 

 putrefactive   changes  in, 

203 

 symptoms  of,  208 

  senile,  219 

 of  extremities,  204 

  "  symmetrical,"  223 

  traumatic,  acute  spreading,  230 

  direct,  226 

 treatment  of,  209 

"  Gas  "  (i>rp  Nitrous-oxide) 

Genitals,  external,  wounds  of,  from  rifle 

bullets,  290 
Genito-urinary  tract,  actinomycosis  in, 

877 

Germinal  infection  in  syphilis,  789 

Giant-celled  sarcoma,  485 

Giant  cells  in  granulation  tissue,  152 

 io  inflammatory  exudates,  121 

Giemsa's    solution    of  Eomanowsky's 

stain,  40 
Glanders,  867 

  bacillus  (ser  Bacillus  mallei) 

 chronic,  lesions  of,  869 

  clinical  course  of,  868 

  diagnosis  of,  870 

 examination  of  blood  in.  871 

 complement  fixation 

method  of,  871 

 mallein  test  in,  870 

 ■          Straus's  test  in,  871 

  etiology  of,  867 

  histological  appearances  of,  868 

  initial  lesion  of,  867 
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Glanders,  morbid  anatomy  of,  868 

  prognosis  in,  872 

  treatment  of,  871 

 •          by  mallein,  72 

 by  serums,  871 

 •           by  vaccines,  72,  872 

 by  X-rays,  872 

Glands,  fibroma  of,  379 
Glandtilar-celled  carcinoma,  515 

 ■  retention  cysts,  591 

 •  ■  varieties  of,  591 

Glioma,  382 

  of  central  nervous  system,  382 

  of  retina,  512 

  structure  of,  382 

Glio-sarcoma,  383 
Glossitis,  chronic  sui^erflcial,  536 
Glycosuria,  gangrene  and,  206 
Gnats,  bites  of,  919 

Goldschmidt's  irrigation  urethroscope, 

826 

Gonococcus,  characters  of,  58 
  culture  of,  58 

 •  infections,  treatment  of,  by  vac- 
cines, 105 

  pathogenetic  action  of,  59 

  toxin  of,  59 

Gonorrhoea,  complications  of,  836 

 arthritis,  846 

 balanitis,  836 

 conjunctivitis,  845 

 cystitis,  844 

 endocarditis,  848 

    epididymitis,  839 

 gonorrhoea  rectalis,  845 

■  inflammation      of  Oowper's 

gland,  838 

 •  lymphangitis  and  lymphaden- 
itis, 838 

 metastases,  846 

 nephritis,  845 

 papilloma,  837 

■  prostatitis,  acute,  841 

 chronic,  842 

 rheumatism,  846 

 spermato-cystitis,  843 

  in  women,  832 

 diagnosis  of,  832 

 symptoms  of,  833 

 treatment  of,  833 

  proof  of  cure  of,  848 

  rectalis,  845 

 treatment  of,  845 

  relation  of,  to  marriage,  848 

— —  (see  also  Urethritis) 
Gram's  stain  for  dried  films,  40 
Granulation,  healing  by,  150 

  tissue,  cells  of,  151 

 •  clasmatocytes  in,  151 

 fibroblasts  in,  152 

 giant  cells  in,  152 

•  plasma  cells  in,  151 

 resemblance  of  sarcoma  to,  482 

Granules,  Altmann's,  reported  absence 

of,  in  malignant  tumours,  456 
Granuloma  of  pudenda,  863 

 clinical  characteristics  of,  864 

 differential  diagnosis  of,  866 

 geographical  distribution,  863 


Granuloma  of  pudenda  in  male,  865 

 in  female,  865 

 pathology  of,  863 

 prognosis  of,  866 

 •        treatment  of,  866 

 by  X-rays,  866 

Grey  oil  for  intramuscular  injection, 
764 

 Lang's  modification  of,  765 

 powder,  759,  803 

Groin    ulceration    (see    Granuloma  of 

pudenda) 
Guam  disease,  853 
Guinea-worm  infection,  906 

 eosinophilia  in,  906 

 etiology  of,  906 

 parasite  of,  906 

 prophylaxis  in,  907 

 symptoms  of,  906 

 treatment  of,  907 

Gumma,  cutaneous,  in  tertiary  syphilis, 
739 

  diagnosis  of  sarcoma  from,  493 

  in  congenital  syphilis,  792 

  of  arteries  in  tertiary  syphilis,  747 

  of  bone  in  syphilis,  congenital,  794, 

795 

 ■  ■  tertiary,  745 

 ■  of  brain  in  syphilis,  congenital,  800 

 •   •   ■  tertiary,  748 

 of  bursas  in  tertiary  syphilis,  746 

 of  digestive    tract    in  congenital 

syphilis,  798 
 of  fingers  and  toes  in  congenital 

syphilis,  746 
  of    heart    muscle    in  congenital 

syphilis,  797 
  of  hypoderm  in  tertiary  syphilis, 

739 

 of  joints  in  tertiary  syphilis,  745 

 •  of  kidney  in  syphilis,  congenital, 

799 

 ■  tertiary,  743 

  of  larynx  in  tertiary  syphilis,  744 

  of  lips  in  tertiary  syphilis,  740 

 ■  of  liver  in  syphilis,  congenital,  798 

 ■           tertiary,  742 

  of  lungs  in  tertiary  syphilis,  744 

 of  muscles  in  syphilis,  congenital, 

797 

 •   •           tertiary,  746 

  of  palate  in  tertiary  syphilis,  743 

  of  pancreas  in  congenital  syphilis, 

799 

  of  rectum  in  congenital  syphilis, 

742 

  of  skin  in  tertiary  syphilis,  739 

 of  spleen   in   syphilis,  congenital, 

800 

 ■  .  tertiary,  743 

  of  tendons  in  tertiary  syphilis,  746 

 ■  of  testicle  in  syphilis,  congenital, 

799 

 ■  tertiary,  747 

 treatment  of,  747 

  of  tongue  in  tertiary  syphilis,  740 

  of  trachea  in  tertiary  syphilis,  744 

  subcutaneous,  in  tertiary  syphilis, 

739 
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Gums,  carcinoma  of,  538 
Gunshot  wounds,  241,  274 

 pain  iu,  276 

 shock  in,  276 

 {see  aUo  Wounds) 

Hsemangioma  (see  Angioma) 
Haematoma,  239 

  treatment  of,  240 

Htemophilia,  320 

  conditions  simulating,  323 

  symptoms  of,  321 

 ■  treatment  of,  322 

Hasmorrhage,  304 

 capillary,  treatment  of,  319 

  concealed,  309 

 treatment  of.  319 

  from  angioma,  407 

 from    gunshot    wounds    of  blood- 
vessels, 278 

  intermediary,  304,  309 

 treatment  of,  319 

—  -  internal,  309 
  into  joints,  322 

  into  spinal   cord   in    spinal  anal- 
gesia, 704 

 natural,  arrest  of,  permanent,  306 

 temporary,  305 

  primary,  304 

 arterial,  307 

 treatment  of,  deliberate, 

316 

 first-aid,  316 

 capillary,  308 

 venous,  307 

 treatment  of,  deliberate, 

318 

  first-aid,  318 

  profuse  {see  Haemophilia) 

  sarcoma  and,  493 

  secondary,  304,  309 

 diagnosis  of,  310 

 treatment  of,  319 

  shock  from,  325 

  stoppage  of,  in  open  wounds,  242 

  symptoms  of,  general.  507 

 local,  307 

  temporary     arrest    of.     in  open 

wounds.  242 

  treatment  of.  310 

 by  infusion.  313 

 by  intravenous  injection.  314 

 by    oral    administration  of 

fluids,  314 

 by  rectal  injection,  314 

 by  subcutaneous  injection,  314 

 by  transfusion.  313 

 calcium  chloride  in,  312 

 drugs  in,  311 

 ergot  in,  311 

 morphia  in.  311 

 posture  in.  311 

 stimulants  in.  312 

  varieties  of.  304 

Hsemorrhagic  inflammation,  129 
Haemostasis,  permanent,  in  open  wounds, 
242 

Haemostatics,  323 

Hair,  secondary  syphilis  of,  733 


Halsted's  mattress-suture,  270 
Hand,  chondroma  of,  386 

 grenades,  wounds  from,  275 

Hard  palate,  carcinoma  of,  538 
Head,  actinomycosis  in,  876 

  dermoid  cysts  of,  595 

  injuries,  shock  from,  325 

 •  operations  on,  choice  of  anaesthe- 
tic in,  659 

   •  spinal  analgesia  in,  705 

  wounds  of,  from  riHc  bullets,  283 

Healing  by  lirst  intention,  151 

 by  granulation,  150 

  by  second  intention,  148 

 (see  aho  Reiiair) 

Heart,  actinomycosis  in,  878 
  valvular  disease  of.  choice  of  anaes- 
thetic in,  658 

  wounds  of,  from  rifle  bullets,  287 

Hemiplegia,  syphilitic,  737 
Hepatitis  iu  tertiary  syphilis,  742 
Heredity  and  causation  of  malignant 

tumours,  470 
Hernia,  relation  of  subserous  lipoma  to, 

363 

High-frequency  current  in  angioma.  413 

Hip-joint,  congt'nital  dislocation  of. 
X-ray  examination  in.  630 

  tuberculous  disease  of.  X-ray  exam- 
ination in,  634 

Histogenous  leucocytes  in  inflammatory 
exudates,  120 

Hodgkin's  disease,  423 

Hoffmann's  bacillus  {see  Pseudo-diph- 
theria bacillus) 

  pill,  757 

Horn,  cutaneous,  448 

Horn-core,  528 

Hornets,  stings  of,  919 

Horses,  melanotic  sarcoma  in,  489 

Hutchinson's  pill,  759 

Hyaline  degeneration  in  fibro-myonia  of 
uterus.  427 

  leucocytes  in  inflammatory  exu- 
dates. 119 

Hydatid  cyst,  598 

 clinical  features  of,  601 

 distribution  of,  anatomical.  601 

 geographical,  601 

 endogenous,  600 

 exogenous,  600 

 in  liver,  603 

 in  lung,  symptoms  of,  601 

 X-ray  examination  in,  646 

 multilocular,  600 

 rupture  of,  602 

 secondary  changes  in,  600 

 treatment  of,  603 

  rash,  602 

Hydrarthrosis  in  congenital  syphilis,  797 
Hydrocele,  chylous,  916 

 ■  suppurating,  filariasis  and,  910 

Hydrogen  peroxide,  265 
Hydrolysis.  19 
Hydrophobia.  886 

 diagnosis  of.  experimental,  890 

 of  tetanus  from,  883 

 etiology  of.  887 

i  immunization  in.  891 
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Hydrophobia  in  dogs,  ,887 

  in  man,  S86 

  incubation  period  of,  890 

  macroscopic  lesions  of,  888 

  microscopic  lesions  of,  888 

  mute,  887 

  paralytic,  887 

  passage  of  virus  of,  along  nerves, 

890 

  pathogeny  of,  S90 

 pathological  anatomy  of,  888 

  prognosis  in,  890 

  symptoms  of,  886 

  treatment  of,  palliative,  890 

 preventive,  891 

 antirabic  serum  in,  892 

Hydro-pneumothorax,    X-ray  examina- 
tion in,  545 
Hydrotherapy  in  syphilis,  773 
Hygroma,  cystic,  413 
Hypernephroma,  atypical,  439 

  metastases  in,  525 

•  in  bone  in,  441 

  renal,  440 

  typical,  439 

Hyperaemia  of  pharynx  and  tonsils  in 
secondary  syphilis,  730 

Hypersemic  treatment  (sec  Bier's  treat- 
ment) 

Hypertrophy  of  sudoriparous  glands, 
445 

Hysterical  spasm,  diagnosis  of  tetanus 
from,  883 

Immune  bodies,  29 
Immunity,  27 

 acquired,  28 

■         agglutinins  and,  31 

.         antitoxins  and,  30 

  bacteriolysis  and,  32 

  duration  of,  29 

  natural,  28 

 precipitins  and,  31 

Immunization  by  vaccines,  99 
Implantation  cysts,  598 
Incised  wounds,  240 

Indian-ink  method  of  examination  for 

Spirochsete  pallida,  716 
Infiltration,  small-celled,  151 
Inflammation,  109 
 acute,  110 

 asthenic  fever  in,  139 

 bacterial,  131 

 causes  of,  131 

 dilatation  of  blood-vessels  in, 

111 

 emigration  of  leucocytes  in, 

115 

 escape  of  red  blood-corpuscles 

in,  114 

  fever  in,  138 

 fibrinous  or  sero-flbrinovis,  127 

 function  of  exudates  in,  113 

 gangrene  from,  230 

  heat  in,  137 

 interference  with  function  in, 

138 

 nervous,  133 

•  pain  in,  138 


Inflammation,  acute,  redness  in,  136 

 series  of  changes  in,  110 

 serous,  127 

 signs  of,  138 

 slowing  of  blood-stream  in.  111 

 sthenic  fever  in,  139 

 swelling  in,  137 

 symptoms  of,  136 

 termination  of,  by  gangrene, 

140 

 by  resolution,  140 

 •  by  suppuration,  140 

 by  ulceration,  140 

 ■           transudation  of  lymph  in,  113 

 traumatic,  132 

 treatment  of.  Bier's,  141 

 ■   •          by  cold,  143 

 ■  by  cupping,  143 

 •  by  heat,  143 

 by  incision,  143 

 by  leeches,  143 

 by  removal  of  cause,  142 

 ■  by  rest,  142 

 ■  by  scarification,  143 

 ■  by  serum,  144 

 by  vaccine,  144 

■  general,  144 

 (see  also  Inflammatory  exu- 
dates) 

 •  Adami's  three  classes  of,  142 

  and  repair,  inseparability  of,  109, 147 

  catarrhal,  130 

■         chronic,  134 

 symiotoms  of,  145 

 treatment  of,  Bier's,  146 

 by  counter-irritation,  145 

 by  free  incisions,  146 

 ■         by  massage,  146 

 by  pressure,  145 

 by  removal  of  cause,  145 

 general,  145,  146 

 definition  of,  109 

  experimental,  110 

  from  burns,  296 

 hsemorrhagic,  129 

  in  bone,  125 

  in  lymphoid  tissue,  125 

  in  non-vascular  areas,  124 

  interstitial,  131 

  macrophages  in,  123 

 membranous,  130 

 micropliages  in,  122 

  parenchymatous,  131 

 phagocytosis  in,  122 

  relation  of  gangrene  to,  203 

  sebaceous  cysts  and,  592 

  suppurative,  128 

Inflammatory  conditions,   diagnosis  of 

sarcoma  from,  493 
 mimicry  of  malignant  disease 

by,  475 

 of  bones,  diagnosis  of  sar- 
coma from,  503 

 exudates,  cells  derived  from  serous, 

vascular  and  lymphatic  en- 
dothelium in,  120 

 clasmatocytes  in,  121 

 coarsely  granular  eosinophiles 

in,  117 
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Inflammatory  exudates,  extracelUilar 
action  of  cells  of,  124 

■  fibroblasts  in,  121 

 function  of,  113 

 giant  cells  in,  121 

 histogenous  leucocytes  in,  120 

 hyaline  leucocytes  in,  119 

 lymphocytes  in,  118 

 mast  cells  in,  118 

 mononucleated  cells  in,  118 

■  plasma  cells  in,  119 

 polymorphonuclear  leucocytes 

in,  116 

 types  of,  126 

 wandering     and  phagocytic 

cells  in,  120 

Infusion  treatment  of  haemorrhage.  313 

Inhalers,  chloroform  {see  Chloroform) 

Innervation,  defective,  gangrene  from, 
225 

Insect  bites.  919 
  stings,  919 

Instruments,  preparation  of,  for  opera- 
tions, 260 

"Intermittent  claudication."  223 
  limp,"  223 

Interrupted  sutures,  270 

Interstitial  inflammation,  131 

 keratitis  in  congenital  syphilis,  801 

 nephritis  in  congenital  syphilis.  799 

Intestinal  obstruction,  position  of  pa- 
tient in  anaesthesia  in,  678 

Intestine,  adenoma  of,  437 

  bilharziosis  of,  903 

 carcinoma  of    (see    Carcinoma  of 

intestine) 

  intussusception  of,  506 

  papilloma  of,  451 

  polypi  of.  428 

 •  repair  of  wounds  of,  162 

  submucous  fibroma  of,  379 

Intracranial  dermoid  cysts,  597 

Intracystic  papilloma  (see  Papilloma, 
intracystic) 

Intraperitoneal  injection  of  B.  coli,  ex- 
perimental, time-results  of,  117 

Intussusception  of  intestine,  505 

Involution,  spontaneous,  of  malignant 
tumours.  475 

Iodide  of  potassium  in  syphilis,  773 

 •  potassio-mercuric,  263 

Iodine.  266 

lodipin  in  syphilis.  774 
lodism,  treatment  of,  774 
Ionization  in  treatment  of  rodent  ulcer, 
534 

Irritation,  carcinoma  of  scrotum  and, 

660 

 of  skin  and,  525,  527.  528 

  malignant  tumours  and.  468 

  mechanical,  carcinoma  of  skin  and, 

528 

Iritis  in  syphilis,  congenital.  800 

 secondary.  736 

Ivory  exostosis  [see  Osteoma,  compact) 
Izal,  265 

Janet's  irrigation  in  treatment  of  acute 
posterior  urethritis,  819 


Jaw,  excision  of.  choice  of  anaesthetic 
in,  659 

Jaws,  carcinoma  of  {sec  Carcinoma  of 
jaws) 

  compact  osteoma  of,  394 

  fibroma  of,  378 

 ■  multilocular  cystic  disease  of,  398, 

539 

  myeloma  of,  404 

  sarcoma  of,  505 

Jejunum,  carcinoma  of,  551 
Joints,  diseases  of,  X-ray  examination 
in,  630 

■        haemorrhage  into,  322 

 injuries  of.  X-ray  examination  in, 

630 

  loose  bodies  in.  X-ray  examination 

for,  634 

 operations  on,  local  anaesthesia  for. 

686 

  syphilis  of,  secondary,  737 

  tertiary,  745 

 wounds  of,  from  rifle  bullets,  282 

Jones'  (Bence)  disease  (fee  Myeloma) 
Jonnesco's  high  spinal  analgesia,  705 
Junker's  inhaler,  674 

Kahler's  disease  (see  Myeloma) 
Kangri  cancer  in  Kashmir.  468.  525 
Keloid  (sec  Cheloid) 

Keratinization  of  squamous-celled  car- 
cinoma. 516 

Kidney,  adenoma  of,  439 

 bilharziosis  of.  900 

  carcinoma  of,  555 

  fibroma  of,  3S0 

 hypernephroma  of,  440 

  metastases  of  sarcoma  of  alimen- 
tary canal  in,  506 

  papillomas  of  pelvis  of.  451 

  repair  in,  164 

 after  decapsulation,  164 

  sarcoma  of  (see  Sarcoma  of  kidney) 

  syphilis  of.  congenita!,  799 

 ■   •  secondary,  730 

 tertiary,  743 

 X-ray  examination  of,  624 

Knee-joint,  tuberculous  disease  of.  X-ray 
examination  in.  635 

  X-ray  examination  of,  631 

Kraurosis  vulvae,  relation  of,  to  car- 
cinoma of  vulva.  583 

Lacerated  wounds,  241 

Lactation,  choice  of  anaestlietic  in.  658 

Lactic-acid  fermentation.  16 

Larvae  of  flies,  furunculosis  duo  to.  920 

 lesions  due  to.  920 

Larynx,  carcinoma  of  (see  Carcinoma  of 
larynx) 

  operations  on,  choice  of  anaesthetic 

in,  661 

 Junker's  inhaler  in.  674 

  syphilis  of,  secondary,  735 

 ■   •  tertiary,  744 

"  Leather-bottle  stomach,"  548 
Leg,  sarcoma  of  muscles  of,  497 
Iiegs,  elephantiasis  of,  914 
Leio-myoma,  425 
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l.eisliman  nodules,  855 
Jjembert  suture,  270 
Lenticular  syphilide,  732 
Leontiasis  ossium,  397 
Leprosy,  856 

  bacillus,  characters  of,  84,  856 

 differential  diagnosis  of,  859 

■  - —  geographical  distribution  of,  856 
  nerve,  856 

 clinical  appearances  of,  857 

 pathology  of,  856 

 prognosis  in,  860 

 symptoms  of,  859 

 treatment  of,  860 

 by  X-rays,  860 

  tuberculate,  856 

 clinical  appearances  of,  857 

"  Leucocidine,"  177 

Leucocytes,  accumulation  of,  in  blood- 
stream in  acute  inflammation,  111 

  amoeboid  movements  of,  177 

  emigration  of,  in  acute  inflamma- 
tion, 115 

  in  pus,  176 

  normal,  preparation  of,  47 

Leucocytosis,  611 

 in  malignant  disease,  613 

  in  pregnancy,  612 

  in  syphilis,  613 

  in  tuberculosis,  613,  711 

  in  typhoid  fever,  613 

  of  cerebro-spinal  fluid  in  tertiary 

syphilis,  749 

  pathological,  612 

  IDhysiological.  612 

 ■  post-hasmorrhagio,  614 

 post-operative,  614 

Leucodermia,  syphilitic,  733 
Leucolysln,  177 

Leucoplakia  of  tongue,  syphilitic,  735 
Leucoplakic  vulvitis,  relation  of,  to  car- 
cinoma of  vulva,  582 
Leukaemia,  pseudo-,  423 
  true,  423 

Levaditi's  method  of  examination  for 

Spirochfete  pallida,  716 
Leydinia  gemmipara  in  chylous  ascites, 

917 

Ligatures,  absorbable,  262 

  catgut  for,  262 

  non-absorbable,  262 

 preparation  of,  262 

Lightning-stroke,  results  of,  302 

  treatment  of,  302 

Lines  of  stress,  natural.  267 
Lipoma,  357 

  arborescent,  364 

  clinical  features  of,  357 

  diffuse,  360 

 treatment  of,  361 

 intermuscular,  362 

 ■  modifications  of  structure  in,  359 

 multiple  subcutaneous,  360 

 periosteal,  362 

 ■  structure  of,  357 

  subcutaneous,  357 

 diagnosis  of,  358 

 multiple,  360 

 treatment  of,  359 


Lipoma,  subfascial,  362 

  submucous,  364 

 subserous,  363 

 •          relation  of,  to  hernia,  365 

 •  to  meningocele,  364 

  subsynovial,  363 

Lips,  carcinoma  of,  534 

  chancre  of,  725 

Liver,  bilharzial  cirrhosis  of,  905 

 carcinoma  of,  548 

 metastases  of  sarcoma  of  alimen- 
tary canal  in,  506 

 •  repair  in,  163 

  syphilis  of,  congenital,  798 

 ■           tertiary,  742 

Lotions,  alcohol,  263 

  biniodide  of  mercury,  263 

  boric  acid,  265 

  carbolic  acid,  264 

  corrosive  sublimate,  264 

  creolin,  265 

  cyllin,  265 

  formalin,  265 

  Friar's  balsam,  266 

 hydrogen  peroxide,  265 

  iodine,  266 

  izal,  265 

  lysol,  265 

  microl,  265 

 ■  potassio-mercuric  iodide,  263 

 ■  potassium  iiermanganate,  265 

 sal-alembroth,  264 

  saline  solution,  266 

  sterilized  water,  266 

  tinct.  benzoini  co.,  266 

Lumbar   puncture  in   examination  of 

cerebro-spinal  fluid,  618 
Lungs,  anthrax  in,  894 

  carcinoma  of,  546 

 ■  metastases  of  sarcoma  of  alimen- 
tary canal  in,  493,  506 

 ■  syphilis  of,  congenital,  797 

 tertiary,  744 

Lupus,  tuberculous,  carcinoma  of  face 

as  sequela  of,  529 
Lymph  scrotum,  916 

 transudation  of,  in   acute  inflam- 
mation, 113 
Lymphadenitis,  gonorrhoeal,  838 

 •           treatment  of,  839 

 •  syphilitic,  729 

Lymphadenoma,  423 
Lymphangio-fibroma,  450 
Lymphangioma,  405,  413 
  capillary,  413 

 of  mucous  membranes,  413 

  cavernous,  414 

 inflammation  and,  414 

  situations  of,  415 

 structure  of,  414 

  of  tongue,  415 

  treatment  of,  415 

  (see  oiso  Angioma) 

Lymphangioplasty    in    bilharzlosis  of 

urethra,  903 
Lymphangitis,  filarial,  910 

 treatment  of,  911 

  gonorrhoeal,  838 

 treatment  of,  839 
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Lymphangitis,  syphilitic,  723 
Lymphatic   glands,   extension   of  car- 
cinoma to,  520 

■  metastases  of  sarcoma  in,  493 

 varicose,  914 

  nsevus  (see  Lymphangioma) 

  varices,  dilated,  916 

  vessels  in  sarcoma,  482 

 ■  invasion  of.  by  tumour  cells, 

458,  461,  568 
 in   carcinoma  of  breast, 

568 

 •  permeation  of,  in  carcinoma, 

461 

 thickened,  916 

Lymphoc;ytcs  in  inflammatory  exudates, 
118 

Lymphocytosis,  614 
 in  syphilis,  614 

 ■  of    cerebro-spinal    fluid     in  con- 
genital syphilis,  802 
Lymphoid  tissue,  inflammation  in,  125 
Lymphoma,  422 
Ijympho-sarcoma,  489 

  of  tongue,  498 

  origin  of,  489 

  situations  of,  490 

 structure  of,  489 

Lysol,  265 

MacCrorrie's   method    of   staining  fla- 

gella,  41 
Macewen's  sliding  suture,  270 
Macroglossia,  lymphangiomatous,  415 

 microscopic    examination  of, 

415 

 treatment  of,  415 

Macrophages  in  inflammation,  123 
Madura  foot,  851 

■  clinical  features  of,  861 

 differential  diagnosis  of,  861 

 etiology  of,  861 

 geographical   distribution  of, 

861 

 prognosis  in,  863 

 treatment  of,  863 

Maggots,  infection  of  wounds  with,  920 
Malignancy  in   tumours,   evidence  of, 
456,  457 

Malignant  embryoma  (sec  Embryoma, 
malignant) 

  endothelioma  (sec  Sarcoma,  endo- 
thelial) 

  CEdema,  230 

  pustule  (see  Anthrax) 

 ■  tumours  (sec  Tumours,  malignant) 

Mallein,  72 

  in  treatment  of  glanders,  £72 

  test,  870 

Mamma  (see  Breast) 

Mandible,    multilocular   cystic  disease 
of,  539 

Manipulation,  shock  from,  325 
Massage  in  chronic  inflammation,  146 

  in  subcutaneous  wounds,  240 

Mast  cells  in  inflammatory  exudates, 
118 

Mattress-suture,  continuous,  270 
  Halsted's,  270 


Melanin,  487 
Melanogen,  488 

Melanotic  sarcoma  (see  Sarcoma,  mela- 
notic) 

  whitlow,  496 

Membranous  inflammation,  130 

Meningitis,  •epidemic  cerebro-spinal,  ex- 
amination of  cerebro-spinal  fluid 
in,  617 

  of  syphilis,  congenital,  £00 

  tertiary,  749 

  purulent,  examination  of  cerebro- 
spinal fluid  in,  617 

  septic,  in  spinal  analgesia,  704 

  tuberculous,  examination  of  cere- 
bro-spinal fluid  in,  617 

Meningococcus  (see  Diplococcus  intra- 
cellularis  meningitidis) 

Mercurial  cream,  765 

Mercury,  biniodidc  of,  263 

  in  syphilis  (see  Syphilis,  treat- 
ment of,  mercurial;  Metallic  mer- 
cury) 

Metallic  mercury,  759 

  for    intramuscular  injection. 

764 

 •    Lafay's  formula  of,  765 

 Lambkin's  formula  of,  765 

Metastases,  gonorrhoeal,  846 

 of     carcinoma     (sec  Carcinoma, 

metastases  of) 

— —  of  sarcoma  (see  Sarcoma,  metas- 
tases of) 

Mice,  experimental  carcinoma  in,  465 
Michel's  suture  clamps,  270 
Micrococcus  catarrhalis,  characters  of, 
52 

  gonorrhoeaE!  (see  Gonococcus) 

 ■   •  infections,  vaccine  treatment 

of,  106 

  tetragenus,  characters  of,  52 

Microl,  265 

Micro-organisms  of  suppuration,  modes 
of  entrance  of,  168 

  pathogenetic,  action  of,  26 

  (see  also  Bacteria:  Bacillus) 

Micropliages  in  inflammation,  122 

Midges,  bites  of,  919 

Miliary  tuberculosis,  713 

Military  surgery,  274 

Mitosis  in  carcinoma  cells,  464 

Mixed-celled    sarcoma    (see  Sarcoma, 

mixed-celled) 
Mole,  congenital,  449 

 pigmented,      melanotic  sarcoma 

and,  488,  496 

  (see  also  Angioma) 

Molluscum  fibrosum,  368,  372 
Monobacillus,  definition  of,  5 
Monococcus,  definition  of,  5 
Mononucleated    cells   in  inflammatory 

exudates,  118 
Morgan's  (de)  spots.  408 
Morphia  in  hsemorrhage,  311 
Morphological  variations  of  bacteria,  9 
Mortality  from  burns,  291 
Mosquitoes,  bites  of,  919 
"  Mother's  marks,"  406 
Mouth,  papilloma  of,  450 
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Mucoid  degeneration  in  fibro-myoma  of 

uterus,  427 
Mucous  cysts,  593 

 membrane   of   stomach,  adenoma 

of,  437 

 of   uterus,   flbro-adenoma  of, 

442 

 membranes,  angioma  of,  407 

 •          capillary    lymphangioma  of, 

413 

 in  secondary  syphilis,  734 

 malignant  tumours  of,  468 

 papilloma  of,  450 

 patches  on  tongue  in  secondary 

syphilis,  735 
  tubercle,  448 

Muir's  modification  of  Pitfield's  method 

of  staining  flagella,  41 
Multilocular  cystic  disease,  398,  539 

  hydatid,  600 

  ovarian  cyst,  443 

 papillomatous,  443 

 •          simple,  443 

Multiple  neuroma,  429 

  subcutaneous  lipoma,  360 

 •  telangiectases,  407 

Muscle  "  buds,"  157 
Muscles,  angioma  of,  411 

  chondroma  of,  389 

  congenital  syphilis  of,  797 

  fibroma  of,  369 

  sarcoma     of     (see     Sarcoma  of 

muscles) 
Muscular  tissue,  repair  of,  156 
Mycetoma  {see  Madura  foot) 
Myelitis  in  tertiary  syphilis,  749 
Myeloid  sarcoma,  400 
Myeloma,  400 

  aneurysm  and,  404 

  clinical  features  of,  401 

  diagnosis  of,  402 

 •  diffuse,  405 

 ■  eggshell-crackling  in.  401 

  haemorrhage  and,  401 

 of  jaws,  404 

  pulsation  in,  401 

  situations  of,  401 

  structure  of,  400 

  treatment  of,  404 

Myelomatosis  (see  Myeloma) 
Myelopathic    albumosuria     (see  Mye- 
loma) 
Myiasis,  920 

Myocarditis,     diffuse,     in  congenital 

syphilis,  797 
Myoma,  424 

  adeno-,  442 

 fibro-  (see  Fibro-myoma) 

 leio-,  425 

  rhabdo-,  424 

Myo-sarcoma  (see  Sarcoma  of  kidney) 
Myositis  in  syphilis,  congenital,  797 

 tertiary,  746 

  ossificans,  traumatic.  X-ray  exam- 
ination in,  631 
Myxoma,  380 

  pseudo-,  of  peritoneum,  443 

Myxomatous  degeneration,  380 
Myxo-sarcoma,  490 


Naevo-lipoma,  412 
Nasvus  araneus,  407 

  cells  in  moles  and  soft  warts,  450 

 ■  melanotic    sarcoma  and, 

489 

 lymphatic  (see  Lymphangioma) 

  spider,  407 

 vascular  (see  Angioma) 

Nails,  sarcoma  of,  496 

  secondary  syphilis  of,  734 

Nasal  cavity,  carcinoma  of,  542 
Naso-pharynx,  fibroma  of,  579 
Nastin  in  leprosy,  860 
Natiform  skull,  795 
Neck,  actinomycosis  in,  876 

  carcinoma   of    (see   Carcinoma  of 

neck) 

  dermoid  cysts  of,  597 

  elephantiasis  neuromatosa  in,  374 

 operations    on,    choice    of  anaes- 
thetic in,  659,  660 

 .   ■  local  anjesthesia  for,  686 

 spinal  analgesia  for,  705 

  plexiform    neuro-fibroma    of,  372, 

374 

 teratoma  of,  590 

 wounds  of,  from  rifle  bullets,  285 

Necrosis,  quiet,  396 
Necrotic  softening  of  carcinoma,  519 
Needles  in  tissues.  X-rays  in  localiza- 
tion of,  246 

 •          removal  of,  246 

Negri  bodies,  889 
Nephritis,  gonorrhoeal,  845 

  in  secondary  syphilis,  730 

Nerve    centres,    disturbance   of,  shock 
from,  324 

  distribution  theory  of  carcinoma, 

468 

 •  leprosy  (sec  Leprosy,  nerve) 

  trunks,  injuries   to,   shock  from, 

324 

Nerves,   fibroma    of    (see    Fibroma  of 

nerves) 
  sarcoma  of,  511 

  wounds  of,  from  rifle  bullets,  279 

Nervous  inflammation,  133 

  system,  central,  glioma  of,  382 

  tissue,  repair  of,  160 

Neuralgia,    supra-orbital.   X-ray  exam- 
ination in,  650 

  syphilitic,  736 

Neui-o-fibroma,  371 

  I)lexiform,  372 

 in  neck,  372.  374 

 in  orbit,  373 

 in  tongue,  373 

  (see  also  Fibroma  of  nerves) 

Neuro-fibromatosis,  diffuse,  370 

  sarcomatous  changes  in,  375,  469 

Neuroma,  "  amputation,"  429 

  division,  429 

  false,  370 

  ganglionic,  429 

  multiple,  429 

  secondary  malignant,  376 

  true,  428 

Nile  boil,  856 

Nissl's  corpuscles,  889 
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Nitrous-oxide,  £57 

  administration  of,  apparatus  for. 

666 

  preceding  ether  with,  665 

  with  oxygen,  618 

Noma  vulvae,  232 

Non-calcifying  plastic  osteitis,  502 
Non-vascular    areas,    inflammation  in, 
124 

Nose,  dermoid  cyst  at  root  of,  596 

  operation  on,  choice  of  an£esthetic 

in,  660. 

Novocaine  as  anaesthetic,  local,  681 

 spinal,  694 

Kucleo-proteius,  112 

Obligatory  parasites,  definition  of,  10 

 saprophytes,  definition  of,  11 

Ochryoniia  anthropophaga,  lesions  due 

to,  920 
Odontoma,  397 

  composite,  399 

  compound  follicular,  398 

  epithelial,  398,  541 

 fibrous,  378,  398 

  follicular,  598 

 compound,  398 

  radicular,  398 

Oidema,  malignant,  230 
(Esophagus,  carcinoma  of.  545 

  fibro-myoma  of,  428 

  submucous  fibroma  in,  379 

 •  X-ray  examination  of,  648 

Onychia  in  syphilis,  congenital,  792 

 secondary,  734 

Open  wounds  (.see  Wounds,  open) 
Operation,     preparation    of  dressings 
for,  261 

 of  instruments  for,  260 

 of  patient  for,  257 

 of  room  for,  259 

 of  surgeon  for,  253 

Operative  procedure,  principles  of,  266 
Ophthalmia     gonorrhoica  adultorum, 
845 

 neonatorum,  845 

Opisthotonos,  882 

Opium,  persons  under  influence  of,  choice 

of  anesthetic  in,  658 
Opsonic  index,  determination  of.  47 
 in    acute    circumscribed  ab- 
scess, 189.  195 
 in  diagnosis  of  abscess,  tuber- 
culous, 199 

 in  suppuration.  189.  195 

 treatment,  and  flushing  of  tissues 

with  serum,  114 
Orbit,  dermoid  cyst  of.  596 

  plexiform  neuro-fibroma  in.  373 

 wounds  of.  from  rifle  bullets,  2£4 

 (see  also  Eye) 

Orchitis,  filarial.  916 

  in  secondary  syphilis,  737 

Oriental  sore,  854 
Orthotonos,  882 

Ossifying    chondroma     (sec  Osteoma, 

cancellous) 
Osteitis        deformans.  sarcomatous 

changes  in,  470 


Osteitis  fibrosa,  sarcomatous  changes 
in,  470 

 ■  in  syphilis,  secondary,  737 

  tertiary,  745 

 non-calcifying  plastic.  502 

 tuberculous.     X-ray  examination 

in,  639 

Osteo-chondritis  syphilitica,  794.  797 

 pathology  of.  794 

Osteoclasts,  159 
Osteoma,  391 

  cancellous,  391 

 of  femur,  393 

  of  tibia,  393 

  compact,  393 

 diagnosis  of,  396 

 of  external  auditory  meatus, 

396 

 of  frontal  sinus,  394 

 of  jaws,  394 

 of  skull,  394 

 treatment  of.  397 

 (see  also  Exostosis) 

Osteo-myelitis,  acute,  X-ray  examina- 
tion in,  638 

Osteo-periostitis,  chronic.  X-ray  exam- 
ination in,  639 

  in  tertiary  syphilis,  745 

Osteoporosis,  796 

Osteo-sarcoma,  490 

Oval-celled  sarcoma,  484 

Ovarian  cyst,  multilocuiar,  442 

 •           papillomatous,  443 

 simple,  443 

  dermoid,  585 

Ovary,  adenoma  of,  442 

 carcinoma  of,  581 

 •  fibroma  of,  380 

 intracystic  papilloma  in,  453 

  malignant  enibryoma  of,  585 

  sarcoma     of     (see     Sarcoma  of 

ovary) 

  teratoma  of.  585 

Paget's  disease.  565 

 relation     of     carcinoma  of 

breast  to.  564.  565,  566 
Pain  in  gunshot  wounds,  276 
Painful  subcutaneous  tubercle.  370 
Palate,  cleft,  operation  for.  choice  of 

anEesthetic  in,  660 

  hard,  carcinoma  of.  538 

 perforation     of,      in  congenital 

syphilis.  795 

  soft,  carcinoma  of.  542 

  tertiary  syphilis  of,  743 

Palsies,  spastic,  of  congenital  syphilis. 
800 

Pancreas,  carcinoma  of,  549 

 congenital  syphilis  of,  799 

Papilla  of  Vater,  carcinoma  of.  551 
Papilloma,  446 

  bilharzial,  of  anus.  905 

 of  female  generative  organs, 

905 

 of  intestine,  903 

 of  rectum,  904 

  duct,  453 

 diagnosis  of,  453 
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Papilloma  following  bilharziosis,  899 

  gonorrhoeal,  857 

 treatment  of,  838 

  in  multilocular  cysts,  453 

 in  parovarian  cysts,  453 

 intracystic,  452 

 of  breast,  453 

  of  ovary,  453 

  of  bladder,  451 

  of  intestine,  451 

  of  larynx,  450 

 of  moutb,  450 

  of  mucous  membranes,  450 

 ■  of  pelvis  of  kidney,  451 

  of  rectum,  451 

  of  skin,  447 

  of  urinary  tract,  451 

  structure  of,  446 

 {see  also  Warts) 

Papillomatous     multilocular  ovarian 

cyst,  443 
Papular  syphilide,  732 
Parassthesia,  persistence  of,  in  spinal 

analgesia,  704 
Paraffin,   working  with,  carcinoma  of 

skin  caused  by,  528 
Paralysis,  juvenile,  801 
Paranghi,  851 

Paraplegia,  syphilitic,  7"37,  749 
Parasites,  animal,  affections    due  to, 
898 

  (see  also  Bacteria;  Bacilli;  etc.) 

Parasitic  cysts,  598 

 •   •  (see  also  Hydatid  cyst) 

■         theory  of  carcinoma,  463 

Parasyphilis,  750 

 salvarsan  in,  778 

Parenchymatous  inflammation,  131 
Paresis,     persistence     of,     in  spinal 

analgesia,  704 
Paronychia  in  secondary  syphilis,  734 
Parosteal  lipoma,  362 
Parotid  tumour,  419 
Parrot's  nodes,  795 

Patient,  preparation  of,  for  operation, 
257 

Pedunculated  exostosis   (see  Osteoma, 

cancellous) 
Pelvic   operation,   Trendelenburg  posi- 
tion in,  678 

■        organs  of  children,  sarcoma  of,  509 

  wall,  chondroma  of,  388 

Pemphigus  in  congenital  syphilis,  792 
Penile  urethra  (see  Urethra,  male) 
Penis,  carcinoma  of  (see  Carcinoma  of 
penis) 

  chancre  of  (see  Chancre) 

 elephantiasis  of,  911 

 •        false,  in  bilharziosis,  903 

  fibroma  of,  380 

Perchloride  of  mercury  in  syphilis,  757 

 dosage  of,  759 

Perforating  wounds,  241 

Pericarditis,  suppurative.  X-ray  exam- 
ination in,  646 

Pericardium,  actinomycosis  in,  878 

Perihepatitis  in  tertiary  syphilis,  742 

Perineal  tissues,  false  elephantiasis  of, 
in  bilharziosis,  903 


Periostitis  in  syphilis,  congenital,  795 

 secondary,  737 

  local.  X-ray  examination  in,  638 

  of   tibiae,   in   congenital  syphilis, 

801 

Peripheral  nerves,  repair  in,  160 
Periphlebitis    in    congenital  syphilis, 
797 

Peripylephlebitis  syphilitica,  799 
Perithelial  sarcoma,  487 
Perithelioma,  417 

Peritoneum,  operations  on,  local  anaes- 
thesia for,  685 

 •  pseudo-myxoma  of,  443,  552 

 sarcoma  of,  506 

Phagedaena,  234 

  of  chancre,  722 

 of  ulcus  molle,  835 

Phagocytic  and  wandering  cells  in  in- 
flammatory exudates,  120 

Phagocytosis  in  inflammation,  122 

 physiological,  121 

Pharyngitis  gangrenosa,  853 

Pharynx  and  tonsils,  hyperaemia  of,  in 
secondary  syphilis,  730 

 carcinoma  of,  542 

  operation  on,  choice  of  anaes- 
thetic in,  659 

  scalds  of,  300 

  syphilis  of,  secondary,  730 

  tertiary,  744 

Photobacteria,  17 

Pigmentary  syphilide,  733 

Pigmented  mole,  melanotic  sarcoma 
and,  488,  496 

Pigments  of  bacteria,  7,  18 

Pil.  ferri  redacti,  759 

Pirquet's  (von)  reaction  in  tuberculous 
abscess.  199 

Pitch,  working  with,  carcinoma  of  skin 
caused  by,  528 

Pitfield's  method  of  staining  flagella, 
Muir's  modification  of,  41 

Pituitary  extract  in  treatment  of  shock, 
332 

Plague  bacillus  (see  Bacillus  pestis) 
Plaques  in  secondary  syphilis,  730 
Plasma  cells  in  granulation  tissue,  151 

 in  inflammatory  exudates,  119 

Plasmolysis,  5 

Plastic  osteitis,  non-calcifying,  502 

Pleomorphism,  9 

Pleura,  sarcoma  of,  506 

Pleural  fluid,  mode  of  collecting,  36 

Pleurasthotonos,  882 

Plexiform     angioma     (see  Angioma, 

plexiform) 
  neuro-fibroma   (see  Neuro-fibroma, 

plexiform) 

  sarcoma  (see  Angio-sarcoma) 

Pneumococcus,  characters  of,  55 
  culture  of,  55 

■  •  infections,  treatment  of,  by  vac- 
cines, 104 

  pathogenetic,  action  of,  56 

  toxin  of,  55 

"  Pneumonia,  white,"  of  Virchow,  797 
Pneumothorax,  X-ray  examination  in, 
645 
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Polyblasts,  156 

Polymorphouuelear  leucocytes  in  in- 
flammation, 110,  115,  116, 
117 

 acute,  112 

 in  inflammatory  exudates,  116 

Polypiis  of  rectum,  438 
■'  Port-wine  stains,"  407 
Post-conceptioual  infection  in  syphilis, 
789 

Potassio-mercuric  iodide,  263 
Potassium  permanganate,  265 
Pouching'  of  oesophagus.   X-ray  exam- 
ination in,  649 
Precancerous  conditions,  467 
Precipitins,  31 

Pregnancy,  choice  of  anjesthetic  in,  658 

Primary  union,  150 

Profeta's  law,  789 

Pi'oatate,   carcinoma  of,  556 

•         of  children,  sarcoma  of,  510 

Prostatitis,  gonorrhoeal,  acute,  841 

 symi^toms  of,  841 

 treatment  of,  841 

 ■  chronic,  842 

 symptoms  of,  842 

 treatment  of,  843 

 by  vaccines,  843 

Prothrombin,  112 

Proto-iodide  of  mercury  in  syphilis,  757 

 dosage  of,  759 

Psammoma,  421 

Pseudo-diphtheria   bacillus,  characters 
of,  76 

 culture  of,  76 

Pseudo-leuka?mia,  423 

Pseudo-lipoma,  diffuse,  361 

Pseudo-myxoma  peritonei,  443,  552 

Pudenda,  granuloma  of  (see  Granu- 
loma of  pudenda) 

Pulmonary  tuberculosis.  X-ray  exam- 
ination in,  644 

Pulsation  in  diagnosis  of  sarcoma,  493 

Punctured  wounds,  241 

Purse-string  suture,  270 

Puru,  851 

Pus,  colour  of,  175 

 ■  endothelial  cells  in,  176 

  fluid  element  of,  177 

  leucocytes  in,  176 

  metabolic  products  in,  176 

■  ■  modes  of  collecting,  35 

  odour  of,  175 

•         solid  elements  of.  176 

Pustular  syphilide,  732 
PyEemia  in  acute  circumscribed  abscess, 
184 

Pyo-pneumothorax,  X-ray  examination 
in,  645 

Pyrexia  in  acute  circumscribed  abscess, 
182 

  (sec  aJso  Fever) 

Quaternary  syphilis,  750 

 salvarsan  in,  778 

"  Quiet  necrosis,"  396 

"Rabic  virus,  cultivation  of,  888 
Rabies  (sec  Hydrophobia) 

31 


Radicular  odontome,  398 
Radiography  (sec  X-ray  examination) 
Radiotherapy  (sec  X-ray  treatment) 
Radium,  destructive  action  of,  on  bac- 
teria, 13 

  in  angioma,  413 

  in  malignant  tumours,  480 

  in  i-odent  ulcer,  534 

Ranula,  593 

Kay  fungus  (see  Actinomyces) 
Raynaud's  disease,  gangrene  from,  223 
Recklinghausen's  (von)  disease,  370,  375 
Rectum,  adenoma  of,  437 

  angioma  of,  411 

  bilharziosis  of,  904 

  carcinoma  of,  553 

  melanotic  sarcoma  of,  506 

  operations  on,  choice  of  anaesthetic 

in,  661 

  papilloma  of,  451 

  polypus,  438 

  tertiary  syphilis  of,  742 

Recurrent  fibroid,  367,  369 
"  Red  degeneration  "  in  fibro-myoma  of 
uterus,  427 

"          peijper  "  or  "  sulphur  grains,"  873 

Relaxation  sutures,  270 

Renal  disease,  choice  of  anaesthetic  in, 

658 

  hypernephroma,  440 

  sarcoma  (see  Sarcoma  of  kidney) 

  (see  also  Kidney) 

Repair  and  inflammation,  inseparability 
of,  109,  147 

  definition  of,  147 

  eijithelial  cells  in,  152 

  c-ssential  processes  in,  148 

 of  blood-vessels,  159 

 of  bone.  158 

  of  brain,  160 

  of  cartilage.  154 

  of  elastic  tissue,  155 

  of  Fallopian  tubes,  164 

  of  fatty  tissue,  156 

  of  heart  muscle.  156 

  of  kidney,  164 

  of  liver,  163 

 of  muscular  tissue,  156 

  of  nervous  tissue,  160 

  of  non-vascular  tissues,  153 

  of  peripheral  nerves,  160 

 central  theory  of,  161 

 peripheral  theory  of,  161 

  of  spinal  cord.  160 

  of  spleen.  163 

  of  striated  muscle,  156 

  of  tendons,  157 

  of  unstriated  muscle,  156 

  of  uterus,  164 

  of  wounds  of  cornea,  153 

 of  intestine,  162 

 of  stomach,  162 

  (see  also  Healing) 

"  Replacement  fibrosis,"  135 
Respiration,  artificial,  in  drowning,  610 
Respiratory  tract,  actinomycosis  in,  877 
"  Rests."  adrenal,  440 
Retention  of  urine  in  spinal  analgesia, 
704 
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Retina,  glioma  of,  512 
Retroperitoneal  sarcoma,  506 
RBabdo-myoma,  424 
Rheumatism,  gonorrhoeal,  846 

 prognosis  in,  847 

 treatment  of,  847 

 •          by  vaccine,  848 

Rheumatoid  pains  in  secondary  syphilis, 
738 

Rhinophyma,  430 

Rib,  chondroma  of,  388 

Rickets,  congenital  syphilis  and,  797 

 X-ray  examination  in,  641 

Ricord's  pill,  757 

 Fournier's  modification  of,  759 

Rifle  bullets,  wounds  from  (see  Wounds; 

Gunshot  wounds) 
Risus  sardonicus,  881 
Rodent  ulcer,  531 

 ^-  diagnosis  of,  533 

 multiple,  533 

•  origin  of,  532 

 situation  of,  532 

■  structure  of,  531 

 treatment  of,  533 

Romanowsky's  stain,  Giemsa's  solution 

of,  40 

Rontgen  rays  (see  X-rays) 
Roseolar  syphilide,  731 
Round-celled    sarcoma    (see  Sarcoma, 
round-celled) 

Sacro-coccygeal  tumour,  congenital,  of 

spine,  589 
Sal-alembroth,  264 

Salicylate  of  mercury  for  intramuscular 

injection,  767 
Saline  solution  in  prophylaxis  of  shock, 
330 

 normal,  266 

Salivary  glands,  carcinoma  of,  542 

Balvarsan,  characters  of,  775 

  (see    also   Syphilis,   treatment  of; 

Syphilis,    congenital,  treatment 

of) 

Sand-flea  (see  Chigger) 
Sand-tumour,  421 

Saprophytes,  facultative,  definition  of,  11 

 ■  obligatory,  definition  of,  11 

Sarcina  aurantiaca,  53 

  cervina,  53 

  characters  of,  52 

  definition  of,  5 

  flava,  53 

  fusca,  53 

  lutea,  63 

  pulmonum,  52 

  ventriculi,  52 

Sarcoma,  481 

  alveolar,  487 

 •         of  skin,  494 

  angio-  (see  Angio-sarcoma) 

  blood-vessels  in,  481 

  causation  of,  471 

 chondro-,  490 

 classification  of,  483 

 clinical  features  of,  492 

  cutaneous  veins  and,  492 

  diagnosis  of,  493 


Sarcoma,  differentiation  of,  from  carci- 
noma, 454 

  duration  of  life  and,  474 

  endosteal.   X-ray   examination  in, 

640 

  endothelial,  416,  469,  485 

 of  tongue,  498 

 structure  of,  485,  486 

 ■  fibro-,  490 

  giant-celled,  485 

  haimorrhage  and,  493 

  in  subserous  tissue,  506 

 •  inoperable,  treatment  of,  by  Coley's 

fluid,  479 

  lymphatics  in,  482 

 lympho-  (see  Lymplio-sarcoma) 

 melanotic,  487 

 arising  in  pigmented  mole,  496 

 cells  in,  488 

 ■          extreme  malignancy  of,  496 

 in  horses,  489 

 moles  and,  488 

 of  nail,  496 

 of  rectum,  506 

  of  skin,  495 

  origin  of,  488 

 •        situations,  of,  489 

 structure  of,  487 

 urine  and,  488 

 metastases  of,  493 

 in  abdominal  viscera,  493 

 in  bones,  493 

 •  in  kidney,  506 

 ■  •  in  liver,  506 

 in  lungs,  493 

 in  lymphatic  glands,  493 

 in  skin,  493 

  mixed-celled,  484 

 degeneration  of,  485 

 naked-eye  characters  of,  485 

  myeloid,  400 

  myxo-,  490 

  of  alimentary  canal,  505 

 •   ■  metastases  of,  506 

 of  bladder  of  children,  509 

  of  bone,  499 

 diagnosis  of,  503 

 from  aneurysm,  504 

 from  chronic  abscess,  504 

 ■  articular  disease,  504 

 •          from  inflammatory  condi- 
tions, 503 

 from    sarcoma    of  soft 

structures,  504 
   •           from     secondary  carci- 
noma, 504 

 extreme  malignancy  of,  502 

 following  fracture,  502 

 formation  of  cartilage  or  bone 

in,  501 

 fracture  resulting  from,  502 

 situation  of,  505 

 symptoms  of,  603 

 treatment  of,  504 

 •  varieties  of,  501 

  of  bones,  long,  499 

 diagnosis    between  peri- 
osteal and  endosteal,  501 
 endosteal,  499 
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Sarcoma  of  boues,  long,  periosteal,  499 

 prognosis  iu,  505 

 situation  of,  502 

 of  brain,  511 

  of  breast,  510 

 diagnosis  of,  511 

 —  structure  of,  511 

  of  cerebral  meninges,  506 

  of  deep  fasciae,  497 

  of  eye,  512 

  of  jaws,  505 

 of  kidney,  433,  507 

 ■   ■  metastases  of,  507 

 prognosis  in,  507 

 structure  of,  507 

  of  muscles,  497 

 course  of,  498 

 diagnosis  of  sarcoma  of  bones 

from,  504 

  of  leg,  497 

 of  tongue,  498 

 treatment  of,  498 

  of  nail,  melanotic,  496 

  of  nerves,  511 

 ■   •  metastases  of,  512 

  of  ovary,  509 

 in  young  children,  509 

 •  metastases  of,  509 

  of  pelvic  organs  in  voung  children. 

509 

  of  peritoneum,  506 

  of  pleura,  506 

 of  prostate  in  children.  510 

 of  tectum,  melanotic,  506 

 of  serous  membranes,  506 

  of  skin,  494 

 alveolar,  494 

 melanotic,  495 

 spindle-celled,  494 

  of  soft  structures,  diagnosis  of  sar- 
coma of  bones  from,  504 

  of  spinal  meninges,  506 

 of  subcutaneous  tissue,  497 

  of  subserous  tissue,  506 

  of  testicle,  508 

 ■    in  retained  organ,  509 

 •  metastases  of,  508 

 secondary  glandular  deposits 

and,  509 

 structure  of,  508 

  of  thyroid  gland,  511 

  of  tongue,  endothelial,  498 

  of  uterus,  510 

 grape-like  form  of,  510 

 structure  of,  510 

  of  uveal  tract,  512 

  of  vagina  in  children.  510 

  osteo-,  490 

  oval-celled,  484 

  periosteal.  X-ray  examination  in. 

640 

  perithelial.  487 

  plexiform  {sec  Angio-sarcoma) 

  predisposing  cavises  of.  469 

  pulsation  in,  492 

  relation  of,  to  trauma,  469 

  resemblance  of,  to  granulation  tis- 
sue, 482 
 retroperitoneal,  506 


Sarcoma,  round-celled,  483 

 degeneration  of,  485 

 large,  487 

 naked-eye  characters  of,  485 

 situations  of,  494 

  spindle-celled,  484 

 degeneration  of,  485 

 naked-eye  characters  of,  485 

 of  skin,  494 

  structure  of,  481 

  ulceration  and,  493 

  {see  also  Tumours,  malignant) 

Sarcomatous  changes  in  benign  tumours, 
469 

 in  fractures,  469.  502 

 in  neuro-fibromatosis,  375.  469 

 in  osteitis  deformans,  470 

  fibrosa,  470 

Scalds  of  pharynx,  300 

  {SCO  also  Burns) 

Scalp,  carcinoma  of,  528 

  dermoid  cysts  of,  596 

  wounds  of,  from  rifle  bullets,  283 

Scarring,  carcinoma  of  skin  and.  525 
526 

Schilfer's  method  of  artificial  respira- 
tion, 610 
Schall's  endoscope,  823 
Schistosomum  hfematobium,  ova  of.  898 
Scirrhus  cancer  following  bilharziosis, 
900 

  "  en  cuirasse,"  568 

  tumours,  454 

Sclerosing  granuloma  of  pudenda  (see 

Granuloma  of  pudenda) 
Scorpaenidoe,  poisoned  wounds  inflicted 

by,  921 
Scorpion  bites,  918 

 treatment  of,  919 

Screw-worm,  lesions  due  to,  920 
Scrotum,  carcinoma  of,  560 

  elephantiasis  of,  911 

 false,  in  bilharzinsiri.  903 

  filarial  abscess  of,  910 

  lymph,  916 

Sebaceous  cysts  {sec  Cysts,  sebaceous) 

  glands,  adenoma  of,  443 

  horn,  592 

Second  intention,  healing  by,  148 
Secondary  syphilis  {see  Syphilis,  second- 
ary) 

Sedillofs  pill,  759 

Sepsis  {see  Fever,  septic  traumatic) 
Septic  conditions,  acute  slioek  from.  325 
Septicaemia  iu  acute  circumscribed  ab- 
scess, 183 
Sequestration  dermoid  cysts,  594 
Sero-diagnosis  {see  Wassermann  reac- 
tion; Widal  reaction) 
Sero-fibrinous  inflammation,  acute,  127 
Serous  cysts,  593 

 inflammation,  acute,  127 

  membranes,  sarcoma  of,  506 

 shock  from  sudden  severe  irri- 
tation of,  325 
Serpiginous  ulceration  of  genitalia  {sec 

Granuloma  of  pudenda) 
Serum,  antidiphtheritic,  75,  95 
 antirabic,  892 
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Serum,  antistreptococcic,  96 

 ■  antitetanic,  66,  96,  884 

  diagnosis  of  actinomycosis,  878 

 (see    aUo    Wassermann  reac- 
tion; Widal  reaction) 

  flushing  with,  dangers  of,  114 

  syringe,  92 

  treatment,  91 

 method  of,  92 

 of  acute  circumscribed  abscess, 

194 

 diffuse  suppuration,  196 

 inflammation,  144 

 of  angina  Ludovici,  202 

 of  anthrax,  897 

 of  chronic  abscess,  200 

 of  glanders,  871 

 of  sxippuration,  194 

 of  tetanus,  66.  884 

Serums,  antianthrax,  97,  897 

  antibacterial,  91,  96 

  antipneumococcic,  55 

  antitoxic,  91,  95 

  foreign,  result  of  introduction  of,  91 

  injection  of,  intraspinal,  94 

 intravenous,  94 

 subcutaneous,  93 

  preparation  of,  47 

Sex-incidence  of  malignant  tumours,  472 
Shock,  323 

  differentiation  of,  from  collapse,  328 

  electric,  301 

  etiology  of,  324 

  from  acute  septic  conditions,  325 

  from  burns,  294,  324 

  from  disturbance  of  higher  nerve 

centres,  324 
  from  extensive   cutaneous  lesions, 

324 

  from  gunshot  wounds,  276 

  from  haemorrhage,  325 

  from  injvii'ics  to  head,  325 

 to  large  nerve  trunks,  324 

  to  spinal  cord,  325 

 from  manipulation  of  viscera,  325 

  from  severe  blows  on  abdomen,  325 

 on  thorax,  325 

  from  snake  bites,  918 

  from  sudden   severe   irritation  of 

serous  membranes,  325 

  operation  during,  337 

  pathological  anatomy  of,  326 

  pathology  of,  327 

 prophylaxis  of,  329 

 anaesthetics  in,  329 

  food  in,  329 

 saline  fluid  in,  330 

 stimulants  in,  330 

 warmth  in,  329 

  symptoms  of,  327 

  treatment  of,  329,  330 

 adrenalin  in,  332 

 alcohol  in,  331 

 direct  transfusion  of  blood  in, 

335 

  ergot  in,  332 

  ergotin  in,  332 

 mechanical  pressure  in,  336 

 narcotics  in,  330 


Shock,  treatment  of,  peripheral  vaso- 
constrictors in,  332 

 pituitary  extract  in,  332 

 posture  in,  331 

  rest  in,  330 

 saline  fluid  in,  333 

 stimulants  in,  331 

 strychnia  in,  331 

 warmth  in,  331 

Siluridae,  poisoned  wounds  inflicted  by, 
921 

Silvester's  artificial  respiration,  610 
Simple  continuous  suture,  270 

 ■  epulis,  376 

  fibroma  of  nerves,  370 

  interrupted  suture,  270 

 multilocular  ovarian  cyst,  443 

  tumours  (see  Tumours,  benign) 

Skiagraphy  (see  X-ray  examination) 
Skin,  actinomycosis  in,  878 

 carcinoma  of   (see  Carcinoma  of 

skin) 

 fibroma  of  (sec  Fibroma  of  skin) 

  leprosy  (see  Leprosy,  tuberculate) 

  metastases  of  sarcoma  in,  493 

  papilloma  of,  447 

  sarcoma  of  (see  Sarcoma  of  skin) 

 ■  syphilis  of,  congenital,  791 

 •           secondary  (see  Syphilides) 

 tertiary  (see  Syphilides) 

Skin-grafting,  local  anaesthesia  for,  686 

  reactive  phenomena  of,  153 

Skull,  compact  osteoma  of,  394 

 fracture  of,  from  rifle  bullets,  283 

 injuries  and  diseases  of.  X-ray  ex- 
amination in,  643 

  operations  on,  local  anaesthesia  for, 

686 

 within,  choice  of  anaesthetic 

in,  660 

Sleeping  sickness,  examination  of  cere- 

Ibro-spinal  fluid  in,  617 
Sliding  suture,  Macewen's,  270 
Small-celled  infiltration,  151 
Snake  bites,  917 

  non-poisonous,  918 

  prognosis  in,  917 

  treatment  of,  918 

Soamin  in  syphilis,  770 

Soft  chancre  (see  Ulcus  molle) 

  palate,  carcinoma  of,  542 

Sore,  soft  (see  Ulcus  molle) 
Spermatic  cord,  filarial  abscess  of,  910 
Spermato-cystitis,  acute,  in  gonorrhoea, 
843 

  chronic  catarrhal,  in  gonorrhoea, 

844 

  in  gonorrhoea,  symptoms  of,  843 

 treatment  of,  844 

Spheroidal-celled  cai'cinoma,  515 
Spider  nsevus,  407 
Spiders,  bites  of,  919 

Spinal  analgesia  (see  Analgesia,  spinal) 
  cord,  haemorrhage  into,  in  spinal 

analgesia,  704 
  ■  •  injuries  in  spinal  analgesia, 

704 

 shock  from,  325 

 repair  in,  160 
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Spinal  cord,  tertiary  syphilis  of,  749 

  disease,  X-ray  examination  in,  642 

  injury.  X-ray  examination  in,  642 

  meninges,  sarcoma  of,  506 

Spiudle-celled    sarcoma    (scti  Sarcoma, 

spindle-celled) 
Spine,  anatomy  of,  690 

  congenital  sacro-coccygeal  tumour 

of,  589 

  teratoma  of,  588 

 wounds  of,  from  rifle  bullets,  284 

Spirillum,  definition  of,  5 
Spirochaete,  definition  of,  5 

  pallida,  characters  of,  87 

 culture  of,  87 

 in  congenital  syphilis,  799 

 methods  of  examination  for, 

716 

 presence  of,  in  secretions,  715 

  pertenuis,  851 

  refringens,  presence  of,  in  secre- 
tions, 715 

Spleen,  repair  in,  163 

  syphilis  of,  congenital,  800 

■  tertiary,  743 

Spondylitis  deformans,  X-ray  examina- 
tion in,  643 

Spongy  exostosis  (.■-■('(■  Osteoma,  cancel- 
lous) 

Spontaneous  involution  of  malignant 
tumours,  475 

Spores,  staining  of,  41 

Sprains,  X-ray  examination  of,  630 

Squamous  syphilide.  733 

Squint,  operations  tor,  choice  of  anaes- 
thetic in,  660 

Staphylococci  in  suppuration,  167 

Staphylococcus  cereus  albus,  characters 
of,  51 

 flavus,  characters  of,  51 

  definition  of,  5 

  epidcrniidis  albus,  characters  of,  51 

  pyogenes  albus,  characters  of.  51 

 infections,   treatment  of. 

by  vaccines,  103 

 aureus,  characters  of,  48 

 cultures  of,  49 

   ■           infections,    treatment  of, 

by  vaccines,  103 

 pathogenetic  action  of.  50 

 toxin  of.  Si) 

 citreus.  characters  of,  51 

 ■           infections,    treatment  of, 

by  vaccines,  103 

  vaccine  in  local  infection.  51. 

 •  vaccines,  autogenoiis,  preparation 

of,  103 

Sterilization,  chemical,  249,  250 

  mechanical,  249,  250 

  solvent.  249.  250 

  thermal,  249,  250 

Sterilized  water,  266 

Sting-rays,    poisoned    wounds  inflicted 

by,  921 
Stings  of  insects,  919 
Stomach,  adenoma  of,  437 
  anthrax  in.  894 

  carcinoma   of    (sec    Carcinoma  of 

stomach) 


Stomach,  fibro-rayoma  of,  428 

  gumma  of,  798 

  repair  of  wounds  of,  162 

  submucous  fibroma  in,  379 

  X-ray  examination  of,  622 

Stovainc,  694 

Strains,  X-ray  examination  of,  630 
"  Strawberry  marks,"  406 
Streptobacillus,  definition  of,  5 
Streptococci  in  suppuration,  167 
Streptococcus  conglomeratus,  53 
  definition  of,  5 

  erysipelatis  in  treatment  of  in- 
operable sarcoma,  479 

  infections,  antitoxic  serums  in,  96 

  lanceolatus  (sec  Pneumococcus) 

 pyogenes,  characters  of,  53 

 ■           culture  of,  54 

 ■  infections,    treatment   of,  by 

vaccines,  104 

 toxins  of,  54 

Streptothriciffi  in  chronic  suppuration, 
166,  168 

Streptothrix  madurae,  characters  of,  87 

  •         culture  of,  87 

Stress,  natural  lines  of,  267 
Strychnia  in  treatment  of  shock,  331 

  poisoning,    diagnosis    of  tetanus 

from,  883 
Subacute  abscess.  196 

Subcutaneous  fibroma  (see  Fibroma, 
subcutaneous) 

  lipoma  (see  lapoma,  subcutaneous) 

 tissue,  sarcoma  of.  497 

 wounds  (see  Wounds,  subcutaneous) 

Subcuticular  suture,  270 

Subfacial  lipoma,  362 

Submucous  fibroma  (sec  Fibroma,  sub- 
mucous) 

  lipoma,  364 

Subserous  lipoma  (see  Lipoma,  sub- 
serous) 

  tissue,  sarcoma  in.  506 

Subsynovial  lipoma.  363 
Subungual  exostosis.  393 
Sudoriparous  glands,   hypertrophy  of, 
445 

Superficial  suture,  267 
Supijuration,  166 
 acute,  166 

 clinical  forms  of,  173 

 diffuse,  173 

 clinical    apiiearances  of, 

195 

 treatment  of,  196 

 micro-organisms  of,  167 

  amyloid  disease  in,  186 

  anEemia  in,  187 

  anatomical  sites  of,  167 

 blood  in,  186 

  blood-scrum  in,  187 

 carcinoma  of  large  intestine  ,and, 

552 

 chronic,  166 

 ■  B.  tuberculosis  in,  156 

 micro-organisms  of.  167 

 streptothriciip  in,  166 

— —  clinical  types  of,  166 
  definition  of,  166 
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Suppuration,  degenerations  in,  185 

  diagnosis  of,  187 

 bacteriological,  189 

  dissemination  in,  172 

  etiology  of,  167 

  examination  of  blood  in,  189 

 of  pus  in,  189 

  frequency   of,    in   cutaneous  and 

subcutaneous  tissues,  171 

  from  burns,  296 

■         immunity  in,  170 

  in  cai'cinoma,  519 

  influence   on,    of   kind   of  causal 

micro-organisms,  169 

 of  the  method  of  inoculation, 

170 

■  of  number  of  causal  micro- 
organisms, 169 

 of  purity  or  mixture  of  infec- 
tion, 170 

 of  virulence  of  causal  micro- 
organisms, 169 

  leucocytosis  in,  186 

  micro-organisms  of,  modes  of  en- 
trance of,  168 

  IJhagocytosis  in,  186 

■         pneumococcic,  treatment  of,  194 

  sebaceous  cysts  and,  592 

  staphylococcic,  167 

 treatment  of,  194 

  streptococcic,  167 

   ■  treatment  of,  194 

  subacute,  166 

  susceptibility  in,  170 

 general,  171 

 local,  172 

■  of  tissues  to,  in  varying  de- 
grees, 171 

  treatment  of,  by  serum,  194 

 by  vaccine,  194 

 constitutional,  194 

•  local,  189 

 Bier's  method  of,  191 

■  operative,  192 

■  ■        palliative,  190 

 preventive,  189 

  (see  also  Pus) 

Suppurative  inflammation,  128 
Sujjrarenals,  congenital  syphilis  of,  799 
Surgeon,  preparation  of,  for  operations, 
253 

Surgical  bacteriology,  1 

  technique,  247 

 ■  vfounds  (see  Surgical  technique) 

Susceptibility  in  suppuration,  170 
Sutures,  267 

 ■  absorbable,  262 

 •  catgut,  262 

  non-absorbable,  262 

  preparation  of,  262 

Sweat-glands,  adenoma  of,  445 
Symbiosis,  16 

Synancea  horrida,  poisoned  wounds  in- 
flicted by,  921 

  verrucosa,  poisoned  wounds  inflicted 

by,  921 

Syncope,  local,  in  gangrene,  224 
Synovial  membrane,  angioma  of,  411 
Synovitis,  filarial,  916 


Synovitis,  gonorrhceal  (see  Kheumatism, 
gonorrhoeal) 

 in  tertiary  syphilis,  745 

Syphilide,  circinate,  733 

  erythematous,  731 

  follicular,  732 

  gummatous,  739 

 ■  treatment  of,  740 

  lenticular,  732 

  macular,  in  congenital  syphilis,  791 

  papular,  732 

 in  congenital  syphilis,  791 

 large  flat,  732 

 small  flat,  732 

  pigmentary,  733 

  pustular,  732 

 in  congenital  syphilis,  792 

•         retiform  pigmentary,  733 

  roseolar,  731 

  squamous,  733 

  vesicular,  732 

Syphilides,  diagnosis  of  yaws  from,  852 

 types  of,  731 

Syphilis,  715 

  bone.  X-ray  examination  in,  641 

  chancre  of  (see  Chancre) 

  clinical  course  of,  718 

  congenital,  diagnosis  of,  801 

■  erythemas  in,  791 

 general  paralysis  and,  800 

 hydrocephalus  in,  797 

 •           infection  of,  germinal,  789 

 —  post-conceptional,  789 

 interstitial  keratitis  in,  801 

 of  hone,  794 

 of  central  nervous  system,  800 

 of  digestive  tract,  798 

 of  ear,  801 

 ■           of  eye,  800 

 of  female   generative  organs, 

799 

 of  hair,  792 

 of  kidney,  799 

 of  liver,  798 

 of  lungs,  797 

 of  lymphatic  glands,  801 

 of  mucous  membranes,  797 

 of  muscles,  797 

 of  pancreas,  799 

  of  skin,  791 

 histology  of,  793 

  of  spleen,  800 

 of  suprarenals,  799 

  of  teeth,  792 

 .         of  testicle,  799 

■  of  thymus,  reported,  800 

 of  vascular  system,  797 

 onychia  in,  792 

 pathology  of,  802 

 prognosis  in,  801 

 ■   ■  rickets  and,  797 

 "  saddle  nose  "  in,  797 

 "  snuffles  "  in,  797 

 symptoms  of,  790 

  tabes  in,  800 

 treatment   of,   by  potassium 

iodide,  802 

 by  salvarsan,  803 

 mercurial,  802 
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Syphilis,  congenital,  treatment  of,  mer- 
curial, by  baths, 
803 

 by  intramuscular  in- 
jection, 803 

 by  inunction,  803 

 by  mouth,  802 

  cUffereutiatiou  of,  from  yaws,  724 

 examination  for  parasite  of,  716 

    •         by  dark  background,  716 

 by  indian-ink  method,  716 

 by  Levaditi's  method,  716 

  general  paralysis  and,  750 

  microbiology  of,  715 

  pathology  of,  717 

 primary  incubation  period  of,  718 

 sore  of  (sec  Chancre) 

  auaternary,  750 

  secondary,  729 

 albuminuria  in,  730 

  alopecia  areata  in,  733 

 treatment  of,  734 

 anasmia  in,  730 

 angina  pectoris  in,  731 

 bone  pains  in,  730 

 cachexia  in,  730 

 cephalalgia  in,  736 

 condylomas  in,  735 

  treatment  of,  735 

 epidymitis  in,  737 

  fever  in,  729 

 hemiplegia  in,  737 

 hyperemia   of    pharynx  and 

tonsils  in,  730 

 incubation  period  of,  729 

 iritis  in,  736 

 treatment  of,  736 

 lymphadenitis  in.  729 

 motor  paralyses  in,  737 

 mticous  patches  on  tongue  in, 

735 

 treatment  of,  735 

 nasal  mucous-membrane  affec- 
tions in,  735 

 treatment  of,  735 

 nephritis  in,  730 

 neuralgia  in,  736 

 "  nocturnal  headache  "  in,  736 

 of  bone,  737 

 of  eye,  736 

 of  hair,  733 

  of  joints,  737 

 of  larynx,  735 

 of  mucous  membranes,  734 

 of  nails,  734 

 of  nervous  system.  729 

 of  tongue.  734 

 onychia  in.  '34 

 treatment  of.  734 

 opaline  patches  in,  734 

 orchitis  in,  737 

 osteitis  in,  737 

 paraplegia  in,  737 

 paronychia  in,  734 

■  ■          treatment  of,  734 

 periostitis  in,  737 

 plaques  in.  730 

 rheumatic  pains  in.  730 

 rheumatoid  pains  in,  738 


Syphilis,  secondary,  skin  eruptions  in 
(see  Syphilide) 

  teno-syuovitis  in,  738 

 visceral  affections  in,  737 

  stages  of,  718 

  tabes  and,  750 

  tertiary,  738 

 arteritis  in,  747 

 cerebral,  748 

 cerebro-siiinal,  749 

 treatment  of,  749 

 dactylitis  in,  746 

 fissures  of  tongue  in,  741 

 glossitis  in,  differential  diag- 
nosis of,  741 

•  •   ■  gummatotiS',  740 

 sclerosing,  740 

 superficial,  740 

 of  arteries,  747 

 of  bone,  745 

 of  bursas,  746 

 of  circtilatory  system,  747 

 of  fingers  and  toes,  746 

 of  joints,  745 

 of  kidney,  743 

 treatment  of,  743 

 of  larynx,  744 

 of  lips,  740 

 of  liver,  742 

 of  lungs,  744 

 of  nervous  system,  748 

 of  palate,  743 

 diagnosis  of,  743 

 treatment  of,  744 

 of  pharynx,  744 

 of  rectum,  742 

 ■          of  spleen,  743 

 of  stomach,  742 

 of  tongue,  740 

 treatment  of,  741 

 of  trachea,  744 

 ulcers  of  tongue  in,  741 

 (see  also  Gumma) 

 treatment  of,  abortive,  750 

 by  arsacetin,  770 

 by  arylarsonates,  769 

 by  atoxyl,  770 

 by  atoxylate  of  mercury,  771 

 by  hydrotherapy,  773 

 by  iodides,  773 

 by  iodipin,  774 

 by  mercury      (sec  Syphilis, 

treatment  of.  mercurial) 

 by  salvarsan,  775 

 adjuvants  to,  787 

 alleged  dangers  of.  778 

 choice  of  method  in.  786 

 combined  with  mercury, 

787 

 compared  with  mercurial, 

779 

 contra-indicatlons  to.  780 

 dosage  in,  787 

 effects  of,  775 

 ■  indications  for,  780 

 intramuscular,  781 

 technique  of,  781 

 intravenous.  783 

 technique  of,  783 
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Syphilis,  treatment  of,  by  salvarsan, 
precautions  necessary 
in,  780 

 repetition  of  dose  in,  787 

 subcutaneous,  782 

 technique  of,  782 

 by  Boamin,  770 

 mercurial,  751 

 by  fiimigation,  769 

 ^  by  ingestion,  756 

 advantages  of,  756 

 choice  of  preparation 

in,  757 

— '■  disadvantages  of,  757 

 technique  of,  757 

 by    intramuscular  injec- 
tion, 760 

 advantages  of, 

761 

 disadvantages  of, 

761 

  dosage  in,  768 

 intermissions  of, 

768 

 of  insoluble  salts, 

763 

 of  soluble  salts, 

762 

 :  technique  of,  767 

 by  inunction,  753 

 advantages  of,  755 

 Aix  system  of,  753 

 disadvantages  of,  755 

 effects  of,  on  rubbers, 

756 

 technique  of,  755 

 contra-indications  to,  769 

■  gastro-intestinal  compli- 
cations of,  752 

 length  of,  769 

 salivation  from,  751 

 site  of  inoculation  in,  727 

 Zittmann's,  769 

  "Wassermann  reaction  in  (see  Was- 

sermann  reaction; 
Syphilitic  lepra,  733 

  triad,  801 

Syringe,  serum,  92 
 vaccine,  92 

T.O.A.,  82 
T.R.,  82 

Tabes  dorsalis  and  general  paralysis,  800 

 ■          in  syphilis,  acquired,  750 

 ■  ■  congenital,  800 

Tsenia  echinococcus,  598,  599 
 solium,  599,  603 

Tar,  working  vfith,  carcinoma  of  skin 

caused  by,  528 
Tarantulas,  bites  of,  919 
Technique,  surgical,  247 
Teeth,  cysts  of,  598 

  removal  of,  choice  of  anaesthetic  in, 

659 

Telangiectases,  multiple,  407 
Tendons,  repair  in,  157 

  secondary  syphilis  of,  738 

Teno-synovitis  in  syphilis,  secondary,  738 
■  tertiary,  746 


Tension  sutures,  270 

Teratoid  tumour  (see  Teratoma) 

Teratoma,  583 

  of  abdomen,  590  -  . 

  of  cranium,  588 

  of  neck,  590  ■  . 

  of  ovary,  585 

  of  spine,  588 

  of  testicle,  585 

 metastases  of,  587 

  of  thorax,  590 

Tertiary  syphilis  (see  Syphilis,  tertiary) 
Testicle,  cai'cinoma  of,  558 

  chorion-epitheiiomatous  growth  in, 

588 

  cystic  embryoma  of,  588 

 dermoid  of,  588 

  filarial  abscess  below,  910 

  malignant  embryoma  of,  586 

  sarcoma  of   (see  jSarcoraa  of  tes- 
ticle) 

  syphilis  of,  congenital,  799 

   tertiary,  747 

  teratoma  of,  586 

Tetanus,  880 

  bacillus  of,  880 

  bacteriology  of,  883 

  diagnosis  of,  883 

  hydrophobicus,  881 

 paralyticus,  882 

  incubation  period  of,  881 

  mode  of  infection  in,  880 

  nature  of  inoculation  wounds  in,  880 

  pathology  of,  883 

 prodromal  symptoms  of,  881 

— —  symptoms  of,  881 

 ■  treatment  of,  antitoxin,  66,  96,  884 

 general,  885 

 local,  884 

Tetany,  diagnosis  of  tetanvis  from,  883 
Tetrageniis,  definition  of,  5 
Thalassophryna,   i^oisoned   wounds  in- 
flicted by,  921 
Thoracic  aneurysm.  X-ray  examination 
in,  647 

  duct,  carcinoma  of,  461 

  wall,  chondroma  of,  388 

Thorax,  filarial  abscess  in,  910 

 operations  on,  local  anjesthesia  in, 

686 

 spinal  analgesia  in,  705 

  shock  from  severe  blows  on,  325 

  teratoma  of,  90 

Thrombin,  112 
Thrombogen,  112 
Thrombo-kinase,  112 
Thrombosis,  gangrene  from,  213 

 of  vessels  in  early  inflammatory 

reactions.  111,  112 
Thrombus,  organization  of,  160 
Thymus,  reported  congenital  syphilis  of, 
800 

Thyroid  gland,  adenoma  of,  435 
 carcinoma  of  (see  Carcinoma 

of  thyroid  gland) 

 colloid  adenoma  of,  437 

 operations  on,  choice  of  anses- 

thetic  in,  660 
 sarcoma  of.  511 
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Tibia,  cancellous  osteoma  of,  393 
Tibias,    pei'iostitis    of,    iu  congenital 

syphilis,  801 
Ticks,  bites  of,  919 
Tiuct.  benzoini  co.,  266 
Tissues,  mode  of  collecting,  36 
— sections  of,  staining,  42 
Todd's  anti-scorpion  venine,  919 
Tongue,  actinomycosis  in,  878 
  angioma  of,  410 

  carcinoma   of    (.sec   Carcinoma  of 

tongue) 

  chondroma  of,  390 

  dermoid  cysts  of,  597 

  endothelial  sarcoma  of,  498 

  endothelioma  of,  498 

 excision  of,  choice  of  anaesthetic 

in,  659 

  lymphangioma  of,  415 

— - —  lympho-sarcoma  of,  498 

  operations  on.  Junker's  inhaler  in, 

674 

  plexiform  neiircr-fibroma  in,  373 

  sarcoma  of  muscles  of,  498 

  secondary  syphilis  of,  734 

Tonsils,  carcinoma  of,  542 

  removal  of,  choice  of  anEesthetic 

in,  659 

Toxaemia  in  sijinal  analgesia,  704 
Toxic  delirium  (sec  Delirium,  toxic) 
Toxins,  19 

  bacterial,  extracellular,  20 

 intracellular,  20 

 potency  of,  20 

  of  B.  anthracis,  61 

 diphtheriae,  74 

 mallei,  71 

 oedematis  maligni,  69 

 tetani,  65 

 tuberculosis,  82 

  of  gonococcus,  59 

  of  pneumococcus,  56 

 of  Staphylococcus  pyogenes  aureus, 

50 

 of  Streptococcus  pyogenes,  54 

 production  of,  19 

Trachea,  carcinoma  of,  545 

  operations  on,  choice  of  anaesthetic 

in,  661 

  tertiary  syphilis  of.  744 

Transfusion  treatment  of  haemorrhage, 
313 

 ■          of  shock,  335 

Transudation  of  lymph  in  actite  inflam- 
mation, 113 

Trauma,  relation  of  sarcoma  to,  469 

Traumatic  delirium  (.see  Delirium, 
traumatic) 

  dermoid  cysts,  598 

  gangrene,  direct,  226 

  inflammation,  132 

Trendelenburg  jjositiou  in  pelvic  opera- 
tions, 678 

Treponema  pallidxim  (sec  Spirochsete 
pallida) 

Trismus,  simple,  diagnosis  of  tetanus 
from,  883 

Tropacocaine  as  anaesthetic,  local,  681 
 spinal,  693 


Tropical  abscess  of  liver.  X-ray  exam- 
ination in,  646 

Tubercle  bacillus  (see  Bacillus  tubercu- 
losis) 

  mucous,  448 

  painful  subcutaneous,  370 

  (see  also  Tuberculosis) 

Tubereulate  leprosy  (see  Leprosy,  tuber- 
culate) 

Tuberculin,  81 

  Calmette's,  108 

  in  diagnosis,  82 

 of  tuberctilous  abscess,  199 

  New,  82 

  Old,  82 

  Original  Alt,  82 

  Rtickstand,  82 

Tuberculosis,  709 

  bacillus  of  (see  Bacillus  tubercu- 
losis) 

  caseation  iu,  712 

  chronic,  overgrowth  of  fibrous  tis- 
sue in,  713 

  epithelioid  cells  in,  712 

  experimental,  711 

  formation  of  tubercle  in,  712 

  giant  cells  in,  712 

 "  hereditary  transmission  "  of,  711 

  infection  of,  by  ingestion,  709 

 by  inhalation,  710 

 by  obscure  methods,  710 

 through  abrasions  or  wounds. 

710 

  leucocytosis  in,  711 

  local,  methods  of  extension  of.  711 

  miliary,  713 

  naked-eye  appearances  of  tubercle 

in,  713 

 of  bone.  X-ray  examination  in,  639 

 of  joints.  X-ray  examination  in,  634 

■  ■  of  kidney.  X-ray  examination  in,  629 

 of  spine.  X-ray  examination  in.  643 

 pathology  of,  711 

  pulmonary.  X-ray  examination  in, 

644 

  X-ray  examination  in,  634 

Tuberculous    bronchial    glands.  X-ray 

examination  of,  644 

 degeneration,  pathology  of,  197 

 disease  (sec  Tuberculosis) 

 kidney,  X-ray  examination  of,  629 

  meningitis,  examination  of  cerebro 

spinal  fluid  in,  617 

  osteitis.  X-ray  examination  iu,  639 

  warts,  446 

Tubular  carcinoma  of  antrum.  539 
Tubulo-dermoid  cysts.  594 
Tumour,  blood-  (see  Haematoma) 
 cells,  invasion  of  blood-  and  lymph- 
vessels  by,  458 
  definition  of,  348 

 embryonic  (see  Sarcoma  of  kidney) 

"          parotid,"  419 

  sand,  421 

Tumours,  348 

 atypical,  353 

  benign,  352 

 sarcomatous  changes  in,  469 

  cartilaginous  (see  Chondroma) 
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Tumours,  causation  of,  350 

  classificatiou  of,  352,  354 

  clinical  examination  of,  355 

- —  condition  of  skin  overlying,  356 

  conBistence  of,  355 

  encephaloid,  454 

  evidence  of  malignancy  of,  general, 

457 

 ■   •  •  local,  456 

  flbro-cystic,  427 

 fibrous  (see  Fibroma) 

  malignant,  353,  454 

 auto-inoculability  of,  466 

 causation  of,  462 

 age-incidence  in,  471 

 diminution  of  chromatin 

and,  464 

 embryonic  theory  of,  462 

 heredity  and,  470 

 parasitic  theory  of,  463 

 predisposing    factors  in, 

468 

 sex-incidence  in,  472 

 clinical  course  of,  473 

 communicability  of.  465 

 duration  of  life  and,  474 

 geographical   distribution  of, 

471 

 inoperable,  treatment  of,  478 

 by  Coley's  fluid,  479 

 leucocytosis  in,  613 

 mimicry  of,  by  inflammatory 

conditions,  475 

 nomenclature  of,  454 

 primary,  462 

 recurrence  of,  478 

 relation  of  cells  of,  to  blood- 
vessels, 455,  482 

 to  lymphatics,  455 

 reported  absence  of  Altmann'a 

granules  in,  456 

 secondary  relation  of  vascular 

endothelium  to,  460 

 spontaneous  involution  of,  475 

 treatment  of,  476 

 by  radium,  480 

 by  X-rays,  480 

 operative,  477 

 zoological  distribution  of,  471 

 •   (see  also  Carcinoma;  Sar- 
coma) 

  mediastinal,  X-ray  examination  of, 

647 

  mixed,  583 

  mobility  of,  356 

  mode  of  growth  of,  352 

  of  bone.  X-ray  examination  in,  640 

  of  maxilla.  X-ray  examination  in, 

622 

•        origin  of,  352 

  position  of,  355 

  pulsation  in,  356 

  relation  of,  to  surrounding  tissues, 

356 

  scirrhus,  454 

  shape  of,  355 

  simple  (see  Tumours,  benign) 

  size  of,  355 

  structure  of,  352,  354 


Tumours,  translucency  of,  356 

  typical,  353 

  ulceration  and,  356 

Typhoid  fever,  leucocytosis  in,  613 
Typical  hypernephroma,  439 

Ulcer,  crateriform,  529 

  healing  of,  by  granulation,  150 

•        rodent  (see  Rodent  ulcer) 

■Ulcerating  granuloma  of  pudenda  (see 

Granuloma  of  pudenda) 
Ulceration,  bilharziosie  and,  890 

 •  from  angioma,  407 

•        in  carcinoma,  519 

  of  skin,  525,  526 

  in  sarcoma,  493 

■        sebaceous  cysts  and,  592 

 tumours  and,  356 

Ulcus  molle,  834 

■  bacillus  of,  834 

■  complications  of,  835 

    differentiation  of  chancre  from, 

724 

■  duration  of,  834 

 incubation  period  of,  834 

■  localization  of,  835 

 ■   ■  prognosis  in,.  835 

■  treatment  of,  835 

Umbilicus,  adenoma  of,  438 

Ureter,  carcinoma  of,  555 

 X-ray  examination  of,  625 

Urethra,  carcinoma  of,  558 

  male,  anterior,  805 

 bilharziosis  of,  902 

■     compressor  muscle  of,  805 

    dilatability  of  different  por- 
tions of,  805 

 lumen  of,  805 

•  mucous  membrane  of,  hard  in- 
filtration of,  826 

 morbid   changes  in, 

811 

■  soft  small-celled  in- 
filtration of,  825 

 muscular  fibres  of,  805 

 posterior,  805 

 ■           "  spasm  "  of,  805 

Urethral  secretion,  morbid  changes  in, 

in  gonorrhoea,  812 
Urethritis,  acute,  808 

 anterior,  808 

■  exacerabation  of,  809 

 incubation  period  of,  808 

 symptoms  of,  808 

 treatment  of,  815 

 ■        posterior,  809 

 diagnosis  of,  810 

■  bacteriological,  811 

 •  Janet's  irrigation  in,  819 

 symptoms  of,  810 

 treatment  of,  817 

 constitutional,  818 

 local,  818 

 treatment  of,  813 

 by  vaccines,  105,  814 

   ■          hygienic,  813 

 internal,  814 

 local,  815 

■        chronic,  821 
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Urethritis,  chronic,  examination  iu,  822 

 pathology  of,  821 

 symptoms  of,  821 

 treatment  of,  828 

 by  vaccine,  105 

  circumscribed,  treatment  of,  829 

 by  vaccines,  831 

  inveterate,  treatment  of,  829 

.  by  vaccines,  831 

■        subacxite,  treatment  of,  828 

•        (see  also  Gonorrhoea) 

Uretlirometer,  823 

Urethroscope,  Goldschmidt's  irrigation, 
826 

Urinary  tract,  bilharziosis  of,  900 

 IJapilloma  of,  451 

Urine  films,  preparation  of,  38 
  mode  of  collecting,  for  examina- 
tion, 36 

■         retention  of,  in  spinal  analgesia, 

704 

Uterus,  adenoma  of,  442 

■        carcinoma  of,  576 

  chorion-epithelioma  of,  578 

  fibro-myoma  of   {sco  Fibro-myoma 

of  uterus) 
  reiiair  in,  164 

■        sarcoma  of  (see  Sarcoma  of  uterus) 

Uveal  tract,  sarcoma  of,  512 

Vaccination,  33 
  chancre,  726 

Vaccine,  staphylococcus,  in  local  infec- 
tion, 51 

  syringe,  92 

  treatment,  97 

 general  considerations  as  to, 

102 

 of    acute    circumscribed  ab- 
scess, 194 

 diffuse  suppuration,  195 

 inflammation,  144 

 urethritis,  105,  814 

 of  angina  Lixdovici,  202 

■  of  B.  coli  communis  infections, 

106 

 pneumonijE  infections,  107 

 pyocyaneus  infections,  107 

 of  chronic  abscess,  200 

 urethritis,  105 

 of  glanders,  87^ 

.  of  gonococcal  infections,  105 

 of  gonorrhoeal  chronic  pros- 
tatitis, 843 

 rheumatism,  848 

 of  inoperable  malignant  tu- 
mours, 479 

 of  inveterate  or  circumscribed 

urethritis,  831 

 of  Micrococcus  catarrhalis  in- 
fections, 106 

 of  pneumococcic  infections,  104 

 of  staphylococcic  infections,  103 

 of  streptococcic  infections,  104 

 of  suppuration,  194 

 of  tuberculosis,  107 

Vaccines,  autogenous,  97 

 immunization  by,  99 

 injection  of,  immediate  result  of,  99 


A'accines,  injection  of,  subcutaneous,  93 

•        method  of  administration  of,  92 

 polyvalent,  97 

 preparation  of,  98 

•        stock,  97 

Vagina,  carcinoma  of,  582 

  sarcoma  of,  iu  children,  510 

Valentine's  endoscope,  824 

•        virethral  irrigator,  819 

Van  Swieten's  liquor,  757 

Varices,  dilated  lymphatic,  916 

Varicose  lymph-glands,  914 

A^ariola,  diagnosis  of  yaws  from,  853 

Varix,  venous  angioma  and,  410 

Vascular  endothelium,  relation  of,  to 

secondary    malignant  tumours, 

460 

  naevus  (sec  Angioma) 

I    Veins,  air  in,  308 

 treatment  of,  318 

Venereal  warts,  446,  448 

Venine,  anti-scorpion,  919 

Venous  angioma  (see  Angioma,  venous) 

Ver  du  cayor,  lesions  due  to,  920 

  macaque,  lesions  due  to,  920 

Vermiform  appendix,  carcinoma  of,  553 

Vesicular  syphilide,  732 

Vibrio,  delinition  of,  5 

Vibrion  septique  (sco  Bacillus  a-dematis 

maligni) 
"  Villous  cancer,"  575,  576 
Vipers,  bites  of,  918 

Viscera,  abdominal,  metastases  of  car- 
coma  in,  493 

Vocal  cords,  carcinoma  of  (see  Carci- 
noma of  larynx) 

Von  Pirquefs  reaction  in  tuberculous 
abscess,  199 

  Recklinghausen's  disease,  370,  375 

Vulva,  carcinoma  of  (see  Carcinoma  of 
vulva)  • 

Warts,  simple,  447 

  soft,  449 

  tuberculous,  446 

  venereal,  446,  448 

  (sec  also  Papilloma) 

Wasps,  sting  of,  919 
Wassermanu  reaction,  32 

 •          in  chancre,  723 

 in  glanders,  871 

 iu  syphilis,  46 

 congenital,  790 

 technique  of,  46 

 •  value  of.  618 

 modes  of  collecting  blood  for 

35 

 use  of  cerebro-spinal  fluid  in 

618 

Weavers,  poisoned  wounds  inflicted  bv 
921 

Whitlow,  melanotic,  496 
Widal  reaction,  43,  615 
Woolsorter's  disease  (sec  Anthrax) 
Wounds,  238 

  accidental,  treatment  of,  242 

  classification  of,  238 

  coaptation  of,  267 

  contused,  241 
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Wounds,  flesh,  from  rifle  bullets,  275 
 friction,  241 

  from  artillery  projectiles,  275 

  from  "  cold  steel,"  274 

  from  hand  grenades,  275 

 from  needles  buried  in  tissues,  245 

 from  rifle  fire,  274 

  gunshot,  241,  274 

 •  in  war,  treatment  of,  277 

 incised,  240 

  infected  with  maggots,  920 

  lacerated,  241 

  nature  of,  in  tetanus,  880 

  of  abdomen,  from  rifle  bullets,  287 

 of  blood-vessels,  from  rifle  bullets, 

278 

 haemorrhage  and,  278 

  of  chest,  from  rifle  bullets,  286 

  of  Fallopian  tubes,  164 

  of  genitals,  external,  from  rifle  bul- 
lets, 290 

  of  head,  from  rifle  bullets,  283 

  of  heart,  from  rifle  bullets,  287 

 of  intestine,  repair  of,  162 

  of  joints,  from  rifle  bullets,  282 

  of  kidney,  repair  of,  164 

  of  liver,  repair  of,  163 

  of  neck,  from  rifle  bullets,  285 

  of  nerves,  from  rifle  bullets,  279 

  of  orbit,  from  rifle  bullets,  284 

  of  spine,  from  rifle  bullets,  284 

  of  spleen,  repair  of,  164 

  of  stomach,  repair  of,  162 

  of  uterus,  repair  of,  164 

  open,  240 

■  cleansing  of,  244 

 coaptation  of,  245 

 drainage  of,  245 

 investigation  of,  244 

 treatment  of,  242 

 perforating,  241  . 

 poisoned,  inflicted  by  fish,  921 

 treatment  of,  921 

 punctured,  241 

  sources  of  infection  of,  248 

  subcutaneous,  238 

 treatment  of,  240 

 ■  surgical  (see  Surgical  technictue) 

  treatment  of,  in  war,  277 

X-ray  carcinoma,  528 

  examination,  619 

  by  fluorescent  screen,  619 

 by  radiography,  619 

 for  abscess  of  maxilla,  621 

 for  ankylosis,  634 

 for  calculus,  biliary,  624 

 prostatic,  629 

 renal,  625 

 salivary,  622 

  ureteric,  625 

 vesical,  629 

 for  cervical  rib,  541 

 for  congenital  want  of  bone, 

642 

 for  foreign  bodies  in  urethra 

or  bladder,  629 

 for  gall-stones,  624 

 for  loose  bodies  in  joints,  634 


X-ray    examination    for    sprains  and 
strains,  630 

 in  abscess  of  lung,  646 

 in  arthritis,  acute,  531 

 gonorrhoeal,  632 

 gouty,  632 

 hypertrophic  osteo-,  633 

 monarticular  osteo-,  533 

 rheumatoid,  632 

 in  bone  syphilis,  641 

 in  carcinoma  of  bone,  second- 
ary, 641 

•  of  oesophagus,  648 

 in  Charcot's  disease,  534 

 in  congenital    dislocation  of 

hip-joint,  630 

 in  coxa  vara,  542 

 in  curvature  of  long  bones,  642 

 in  diseases  of  bone,  638 

 tuberculous,  639 

 of  lips,  621 

 in  empyema  of  antrum,  650 

 in  flat-foot,  642 

 in  fractures,  635 

 in  hydatid  cysts  of  lung,  546 

   ■  in  hydro-pneumothorax,  545 

 in  localization  of  bullets,  278^ 

 of  needles  in  tissues,  246 

 in  myeloma,  403 

 in  osteo-myelitis,  acute,  638 

 in  osteo-periostitis,  chronic,  639 

 in  periostitis,  local,  638 

 in  pneumothorax,  645 

 in  pouching  of  oesophagus,  649 

 in  pyo-pneumothorax,  545 

 in  rheumatic  spondylitis,  643 

 in  rickets,  641 

 ■  in  sarcoma,  endosteal,  640 

 of  bone,  5T)4 

 periosteal,  540 

 in  simple  dilatation  of  oeso- 
phagus, 649 

 in  spinal  disease,  642 

 ■  ■  injury,  642 

 ■  in  spondylitis  deformans,  643 

 in  subphrenic  abscess,  646 

 in  suppurative  pericarditis,  646 

 in  supra-orbital  neuralgia,  650 

 in  thoracic  aneurysm,  647 

 in  traumatic  dislocations,  630 

 myositis  ossificans,  531 

 in  tropical    abscess   of  liver, 

646 

■  in  tuberculosis,  534 

 ■  of  bone,  539 

 of  joints,  634 

 of  kidney,  629 

 of  spine,  643 

 pulmonary,  644 

 in      tuberculous  bronchial 

glands,  544 

■  cavities  of  lungs,  644 

 kidney,  629 

 osteitis,  639 

 in  tumours,  mediastinal,  547 

 •  of  bone,  640 

 of  maxilla,  622 

 interpretation  of  radiograms 

in,  519 
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X-ray    examination,    Ironside  Briice's 
method  of,  621 

 methods  of,  619 

 of  abdomen,  644 

 of  accessory  sinuses,  650 

 of  bladder,  629 

 of  bones  of  skull,  643 

 of  carpus,  635 

 of  chest,  644 

  of  fascia,  630 

 of  gastro-intestinal  tract,  622 

 •   •  Goldmann's  method 

of,  624 

 of  joints,  630 

 of  kidney,  624 

 of  knee-joint,  631 

 of  mouth,  621 

 of  neck,  649 

 of  nose  and  accessory  sinuses, 

650 

 of  oesophagus,  648 

 of  pharynx,  622 

 of  sacro-iliac  joint,  635 

■  of  salivary  glands,  622 

  of  spine,  642 

 of  stomacli,  622 

 of  tarsus.  635 

 of  trachea,  650 

 of  ureter,  624 

 of  urinary  tract,  624 

 stereoscopic  method  of,  620 


X-ray  examination,  true  place  of,  in 
diagnosis,  621 

  treatment  of  augioma,  413 

 of  glanders,  872 

 of  granuloma  of  pudenda,  866 

 of  leprosy,  860 

 of  malignant  tumours,  480 

 of  rodent  ulcer,  534 

X-rays,  destructive  action  of,  on  bac- 
teria, 13 

Yaws,  851 

  clinical  appearance  of,  852 

••         crab,"  852 

  differential  diagnosis  of.  852 

  differentiation  of  syphilis  from,  724 

  etiology  of,  851 

 geographical  distribution  of.  851 

  morbid  anatomy  of,  852 

  pathology  of,  853 

  treatment  of,  curative,  853 

 palliative,  853 

 Ijrophylactic,  853 

Yogurth  bacillus.  16 

Ziehl-Neelsen's  stain  for  acid  fast  bac- 
teria, 39 

 for  sections  of  tissues,  43 

Zinc  ions  in  treatment  of  rodent  ulcer, 
534 
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